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THE RAFT RIVER BASIN, IDAHO-UTAH 

AS OF 1966. 4 REAPPK41SAL OF THE W-ZTER RESOURCES 

AND EFFECTS O F  GROUND-WATER DEVELOPMENT 

E. N.  Waiker, L. C. Dirtcher, 
S. 0. Decker, and K ,  L. Dyer 

ABSTRACT 

The Raft River basin, mostly i n  south-.central Idaho and pa r~ ly  in Utah, is a drainage 
basin of approximately 1.5 10 squ:~re miles. Much arable land in tlie basin lacks water for 
irrigation, and the potentially irrigable acreage far sxceeds the arnourit illat could be 
irrigated wit11 the 140,000 acre-Seel cslinistcd aniiual watcr yield. Therefore, the amount of 
i~ncommitied water that could bc ititercepted and used within the basin is the limiting 
factor in fuutlier dcveiopmcnt of agriculture irrigated with water derived from within the 
basin. Water for additionid irrigatiori might be obtained iby pumping more ground water, but 
only if largc additional ground-water storage depletion can be tolerated. Alternatively, 
suppleme~ital water might be iniporlcd. 

The Raft River basin is ;in arca of rugged mountain ranges, aggr;ided alluvial plains, and 
intermotitanc valleys. Topogl-apliy and geologic structure strnngly influence the climate and 
hydrology. The Rait River rises in the Goose Creek Range of northwsstern Utah and flows 
generally nortiieastw:ir-d a110 :ioriliwarti. joinir~g tlie Snake River in the backwater of Lake 
Walcott. 

Tlle climate ranges from cool subliiimid in the mountains t o  srmiarid oil the floor of 
Lhe Raft River v;~iley. I-'recipitation ranges i r m  less than 10 inches on the vailey floor t o  
more than 3 0  inches :I: some places in the niouutains. Rainfall is light during tlie growing 
season of  aboi:t 100 days, and irrigatiun is necessary for most cultivated crops. 

About 87,000 acres oS 1;11id was irrigated in tlic 1'160's, oil tlic average, and most of 
that is in the lower Raft River valley. Neariy ail usable surface water in the basin is diverted 
for irrigation and as of 1966 lcss that: 20,000 acres were irrigated exciusively with surface 
water. Most stock, Parm, and domcstic water is from wells. Irrigation with ground water is 
widely practiced and about 6'9.000 acres wcrc irrigated partly or  wholly with ground water 
in 1966. I n  1963 tlie valiey was closed to  further issuance of  permits to  appropriate 
ground-water because o i  declining watcr Ievcls. 

Geologic structure, lithology, and physiogr;~pliic l~istory control the surface-drainage 
pattern as wcll as the occurrence and movement of ground water. The  principal 
water-bearing form;~tioiis are t l ~ c  Sait Lakc Formation of Pliocene age, cor~sisting mainly of 



weakly consolidated sandy sediments and some layers of volcanic rock; the Raft Formation 
of Pleistocene age consisting of sand and gravel, lake sediments, and thin beds of silt and 
clay; and alluvial deposits of Holocene age that form aquifers beneath the bottom lands of 
the valleys. Good yields from wells, ranging upward to several thousand gallons a minute, 
are obtained from the water-bearing formations. Basalt lavas of the Snake River Group yield 
water where they occur below the water table of the valley. A few wells that penetrate 
limestone obtain substantial supplies from crevices. 

Thickness of the composite aquifer ranges from 0 to more than 1,500 feet. 
Transmissivity of the composite aquifer is estimated to vary from about 10,000 gpd/ft 
(gallons per day per foot) along the basin margins to more than 450,000 gpd/ft. 
Permeability of the water-bearing deposits is highly variable, but is estimated to  average 
about 300 gpd/ft2 for the basin as a whole. 

The ground-water storage capacity of the basin is large; in the lower Raft River 
subbasin alone, the upper 200 feet of saturated deposits contain an estimated 9,000,000 
acre-feet of water. The average specific yield of the shallow deposits is estimated to be 20 
percent. 

The water yield of the Raft River basin is estimated to average about 140,000 acre-feet 
per year as compared to  183,600 acre-feet estimated by Nace and others (1961) and 
320,000 acre-feet estimated by Mundorff and Sisco (1963). Surface outflow of the Raft 
River to the Snake River now amounts to only about 1,900 acre-feet per year, a decline of 
about 15,000 acre-feet a year from the estimated original average outflow prior to irrigation 
of about 17,000 acre-feet per year. 

Ground-water outflow from the basin originally averaged approximately 83,000 
acre-feet annually; it has declined only slightly as a result of pumping and was estimated to  
be about 80,000 acre-feet annually in 1966. 

In general, the quality of surface and ground water is good; dissolved solids in a few 
exceptional wells range up to more than 2,000 mg/l (milligrams per liter) where the 
temperature is high or where a substantial percentage of water pumped was previously used 
for irrigation. Most of the surface and ground water is suitable for irrigation and has a 
dissolved solids content of less than 600 mgll, mainly calcium bicarbonate. Dissolved-solids 
concentration in the surface-water outflow from the basin is increasing. 

The pumping of ground water has caused a net water-level decline beneath about 235 
square miles of the valley floor. Beneath and adjacent to the bottom lands, water levels 
recover a number of feet during years of above-average runoff, owing to recharge from the 
Raft River and Cassia Creek. However, a steady decline of as much as 5 feet per year is 
occurring beneath pumped areas that are some distance from sources of recharge. 

Consumption of ground water for irrigation, under present-day practices, averages 
about 1.6 per acre annually. Total consumption of water by irrigated crops has risen from 
about 40,000 acre-feet to about 160,000 acre-feet annually. 



Puiiiping of g rou~i t l  water increased from approximately 8.600 :u.rc-fwt in IcM8 Lo 
335.000 acre-feet in 1000.  a yc ;~r  ofdeficii,iit s t rexnf low 

Ahwming 2 0  percciit fur tlie speci lk  yield of tlie water-bearing formations.  thc  
tlepletioii 01' ground-water storage during the  1 4  years 1952  t o  1965 inclusive was 
approximately 410.000 acre-feet. By the end of 1966  it was nearly 5 15.000 acre-feet. 

Salvage of ground-water outflow from Raft  River v:~llcy suhbasin will require reductic)n 
o r  eliniinatio~i o f  tlie present northward hydraulic grxlient of about  15 feet per mile. 
Keducing the gradient by one half woulil salvage abou t  one  half the outf low.  o r  about  
40,000 acre-lret  annunlly. Howevel-. with present pumping patterns :and quantities, this 
reduction would require sevcral hundred feet o f  water-level decline ncal- the pumping wells. 
many dccades o f  time. ;ind scvel-al millions of acre-feet o f  additional depletion o f  stored 
ground water.  

INTRODUCTION 

The  Raft Kiver basin, mostly i i i  south-central Idaho bu t  partly in i~or t l iern  Utah, is a 
niajor drainage basin tr ibutary to  tlie Snake River. Prior to  development and use of i ts  water  
resources by  man.  the basin contributed an estimated average 100.000 acre-feet of surface 
and subsurface tlow t o  the  Snake River system annually. O f  the  remaining estimated 
140,000 acre-feet total  annual water yield, about  40,000 acre-feet was nonbeneficially 
consumed by ripari.m vegetation along stream channels. T h e  area of the  drainage basin used 
in this report  is a b ~ ' . ~ t  1,s 10  square miles, nearly all o f  which lies in Cassia County.  Idaho. A 
few square miles lie ~n Oneida and Power Counties,  Idaho,  and abou t  270 square miles in 
Box Elder County .  Utah (fig. I ) .  

Approximatel)  7 0 0  square miles of the  area is in tlie broad. gently sloping Raf t  River 
valley that  extends  3 ~ u t h w a r d  from tlie Snake River Plain. Beginning in the 1870'5, large 
tra :ts o f  this acreage hat could be  serbed by diversion o f  surface tlow from the Raf t  Rivel- 
and its principal tributaries were developed fo r  agriculture. By the  late 1880's nearly all 
available surface water was appropriateti. Pumping ground water fo r  irrigation in the valley 
started in the 1920's. bu t  it was not  until abou t  1950 that  large-scale pumping began fo r  
supplemental irrigation and the  irrigation of large tracts remote  from surface supplies. 

Between 1948  aud lc15? tlic quant i ty  o f  ground water pumped annually for isrigatton. 
as computed from power-consumption records. increased from about  8 , 7 0 0  acre-feet t o  
approximately 22 ,900  acre-ket .  This increased pumping caused local concern that the water 
resources o f  the  basin were being overdeveloped and detailed studies were begun by  the U S .  
Geological Survey in cooperation with the Idaho Depar tment  o f  Reclamation to  define and 
describe the  water resources of the  lhcisin. These studies resulted in a conipreliensive report  
titled "Water Resources o f  the Raft  River Basin, Idaho-Utah" (Nace and others,  1901).  

Ground-water pumping c o n t i n u ~ ~ l  t o  increase until by 1955 the computed pumpage 
was abou t  64 ,000  acre-feet annually. It reached an estimated I 12.000 acre-feet in 1960,  a t  
wliicli t ime it was evident that ground-water development iiad rnarkedly affected the 



streamflow of the Raft River and was causing water-level declines in the more heavily 
pumped parts of the vailey. 

The Geological Survey prepared a report summarizing data collected during the period 
1956-60, which documented the effects of pumping for irrigation in the Raft River valley 
subbasin. The report, "Ground Water in the Raft River Basin, Idaho, with Special Reference 
to  Irrigation Use, 1956-60" (Mondorff and Sisco, 1963), described the magnitude and 
distribution of water-level declincs within the basin and made new estimates of water yield 
and ground-water underflow from the basin as of 1960. 

New and increased use of the ground-water resource continued in the early 1960's with 
attendant water-level declines. The potential effect of these declines on established water 
rights caused the State Reclamation Engineer to  close the basin in July 1963 to  further 
applications to  appropriate ground water. This action was challenged by local interests and 
litigation followed which pointed up a need for more detailed information on the water 
resources of the basin. 

Consequently, the study upon which this report is based was begun by the Geological 
Survey in cooperation with the Idaho Department of Reclamation in 1965 and continued 
through June 1967. The goals of the study were to: 

I .  Re-describe those aspects of the geologic framework of the basin that influence the 
occurrence, movement, and availability of the water resource. This re~description l o  be 
based on new surface mapping of geologic units, new data from well logs, and the results of 
regional geologic investigations that led to  redefinition of geologic formations and their 
distribution within the basin. 

2. Re-determine the water yield of the basin by independent assessment of 
precipitation occurrence and distribution, and of natural water loss through evaporation and 
transpiration. 

3. Collect additional records of streamflow on which to  base computation of the 
long-term average annual runoff as an indicator of minimum water yield and changes caused 
by diversion and use. 

4. Update all data related to  pumping of ground water, change in water level, 
distribution of water-hearing units, and use of water for irrigation. 

5. Determine a new water budget for the basin which identifies the elements of inflow, 
outflow, and storage change in terms of current water use as compared with natural basin 
conditions. 

6. Describe the location and magnitude of change in ground-water storage resulting 
from pumping, and relate the change t o  total storage available. 



CONCLUSIONS 

The study provided additional data over that available for earlier investigations and the 
data, when applied to the enumerated goals, allow interpretations and conclusions that 
fulfill most of the objectives and current management needs. 

I. Ground water suitable for development for irrigation in the Raft River basin occurs 
in the valley fill - including Holocene alluvium and the Pleistocene Raft Formation - and 
in the upper part of the Pliocene Salt Lake Formation. Most of this water is in the Raft 
River valley subbasin, east of the Cotterell Range. There the ground water is generally 
unconfined, and the several geologic formations constitute a single aquifer with a thickness 
exceeding 700 feet under most of the lowlands, which is underlain by relatively 
impermeable rocks. Aquifer permeabilities and yields vary widely from place to  place, and 
are likely to be less in the older formations whether they are deeply buried under the valley 
floor or near the surface along the margins of the subbasin. West of the Cotterell Range, the 
same geologic formations are waterbearing in the Yost-Almo and Elba subbasins, but data 
are inadequate t o  delineate aquifer characteristics or thickness. From these subbasins, there 
is outflow to  the Raft River valley subbasin through the alluvial valleys occupied by Raft 
River and Cassia Creek as they traverse the Cotterell Range. 

The Raft River valley subbasin is bordered on the north by basalt which on the grand 
scale of the Snake River Plain is highly permeable, but which includes massive irnpermeable 
rocks as well as very permeable zones. Outflow of ground water from the subbasin through 
this basalt and included sediments is indicated by a northward water-table gradient of about 
15 feet per mile. This underflow occurs along a section about 10 miles wide, but data are 
still lacking as to  the permeability and thickness of the section, so that the rate of underflow 
cannot be calculated directly. 

2. The perennial water yield of the basin is the average natural annual discharge from 
the Raft River basin. In this, as in previous studies, the yield has been determined indirectly 
as the difference between the average annual precipitation and the average annual 
evapotranspiration throughout the Raft River basin under natural conditions. The calculated 
volume of annual precipitation - 1,280,000 acre-feet - is practically identical with the 
average volume estimated by Nace and others ( l961),  who also estimated that 86 percent of 
this volume was returned to  the atmosphere by evapotranspiration within the basin, and the 
remainder of 184,000 acre-feet constituted the water yield. In the present study, the water 
yield at selected sites was determined by empirical procedures that provide estimates of 
average monthly precipitation and potential evapotranspiration and soil-moisture deficit at 
each site; these data were then plotted on a map that was used for computation of average 
water yield in each subbasin. By this method, the calculated water yield is 140,000 acre-feet 
and thus 89 percent of the precipitation is lost naturally from within the basin by 
evapotranspiration. Either calculation of the water yield should be viewed as only a rough 
approximation, in view of the assumptions and empiricial procedures that are involved in 
estimating evapotranspiration. 

3. The natural surface outflow from the Raft River basin, based on measurements of 
the Raft River as early as 19 10, is estimated to have averaged about 17,000 acre-feet a year. 



The quantity available for man's dcvelopment and use in the Raft River valley sbbbasin (east 
of the Cotterell Range) was considerably greater, for it included average annual inflow of 
about 18,000 acre-feet from Cassia Creek, 24.000 acre-fect from Raft River a t  The Narrows, 
8,400 acre-feet from creeks draining the Raft River Mountains, and 5,400 acre-feet from 
creeks rising in the Sublett Range - an aggregate surface inflow of about 56,000 acre-feet. 
Most of this water contributed to recharge of the ground-water reservoir, or  was consumed 
by riparian or  plireatophytic vegetation. 

Diversion and use for irrigation of the waters in the mountain creeks Ins caused 
progressive reduction in the surface-water inflow to the Raft River in the Raft River valley 
subbasin. In the 3 0  years 193 1-60. the average inflow has bcen 12,500 acre-feet from Cassia 
Creek. 1 1,600 acre-feet in Raft River at The Narrows, and none from small creeks draining 
the Sublett and Raft River Mountains. Much of this inflow disappeared by diversion or 
L I .  o I I I I 1 1 1  r l  I I 8 o u r  I I .  t l i i ,  ~ ~ i t t l o w  was 
probably between 9.000 and 7,000 acre-feet a year. By 1967 the inflow in Raft River at The 
Narrows had dwindled to 6,500 acre-feet, and the spring-fed outflow to less than 2,000 
acre-feet. The consumptive use of surface water, estimated at about 40,000 acre-feet a year 
by riparian vegetation aboriginally, increased t o  nearly 50,000 acre-feet as the water was 
applied for irrigation and native vegetation was cleared. Since I948 the consumptive use of 
surface water has dwindled with decreasing availability, to  about 20,000 acre-feet in the dry 
year 1966. 

4. Pumpage for irrigation from wells in the Raft River valley subbasin began after 
World War 11, increased from 8,600 acre-feet in 1948 to 148,000 acre-feet in 1965, and t o  
225,000 acre-feet in thc dry year 1966. Aggregate pumpage in this subbasin in two decades 
is estimated to have been about 1% million acre-feet by the end of 1966. Pumping began in 
the Yost-Almo subbasin in 1956 and increased t o  about 8.400 acre-feet in 1966, and in the 
same year less than 1.000 acre-feet was pumped in the Elba subbasin; the aggregate pumpage 
in both these subbasins was only 46,000 acre-feet by the end of 1966. Assuming that 40  
percent of the water pumped is used nonconsumptively and then returns to the 
ground-water reservoir, the net withdrawal of ground water for consumptive use throughout 
the Raft River basin increased from about 5,000 acre-feet in 1948 t o  90.000 in 1965 and to 
140.000 acre-feet in 1966. 

In the Raft River valley subbasin, water Ievcls in wells have been lowered substantially 
t l~ roug l~ou t  the area irrigated from wells. From the spring of 1952 to 1966, the water table 
declined under an area of 235 square miles, and the decline exceeded 50  feet in several parts 
o f  the valley north of Malta. The volume of materials dewatered during the 14-year period is 
computed to be about 2 million acre-feet. On the basis of well logs and other data, the 
average specific yield of the dewatered materials is estimated to be 20 percent, and the 
water drained from them is thus about 400,000 acre-feet. The water pumped from wells 
during the period was more than 1,200,000 acre-feet, and assuming that 40  percent of this 
returned t o  the reservoir, the net withdrawal was about 740,000 acre-feet. From these data, 
it would appear that there was inflow to the pumping depression amounting to about 
340,000 acre-feet, or  an average of about 24,000 acre-feet a year; this may have included 
lateral inflow, seepage of surface water, and infiltration of precipitation. During the dry year 
1966. the gross irrigation pumpage in the subbasin was 225,000 acre-feet. Assuming the 



same proportionate distribution, 90,000 acre-feet of this was used nonconsumptively and 
then seeped back to the aquifer; 75,000 acre-feet was removed from accumulated storage; 
and 60,000 acre-feet was replenished either by infiltration of precipitation or surface water 
or by lateral inflow to the pumping area. 

The water that is pumped for irrigation and then seeps back to the aquifer is likely to 
carry dissolved salts from the soil and land surface. Several wells in the bottomlands yield 
water with more than 600 mg/l (milligrams per liter) of dissolved solids, and in some the 
dissolved solids are chiefly sodium and chloride. These dissolved salts accumulate during 
natural evapotranspiration of the river water, and available data do not show whether the 
concentration has been increased by irrigation return. The surface outflow from the valley, 
however, now has dissolved solids about 30 percent greater than those measured prior to  
irrigation development. 

5. I t  has been calculated that the average water yield of the entire Raft River basin is 
about 140,000 acre-feet a year, of which under natural conditions 40,000 acre-feet was 
consumed by riparian vegetation, 17,000 was surface-water outflow and 83,000 acre-feet 
ground-water outflow. So far as the main valley - the Raft River valley subbasin - is 
concerned, most of the natural surface-water inflow of 56,000 acre-feet has been diverted 
for irrigation in the tributary subbasins, so that by 1967 the surface inflow to  the valley 
subbasin had been reduced to less than 20,000 acre-feet. The total water diverted or 
pumped for irrigation in the tributary subbasins is greater than the amount of depletion of 
streamflow to the main valley. This is true because some irrigation consumptive use replaces 
natural riparian consumptive use, and the water used nonconsumptively for irrigation 
becomes ground water that may eventually return to the stream or continue by underflow 
to reach the valley subbasin. 

Within the Raft River valley subbasin, the use of water for irrigation doubtless 
substitutes in part for consumptive use by native riparian vegetation, but the surface 
outflow has also been reduced from 17,000 to 2,000 acre-feet. The principal consumptive 
use of water in the valley subbasin, however, is by irrigation with water pumped from wells. 
In 1966 this consumptive use amounted to  an estimated 135,000 acre-feet, approximately 
equivalent to the calculated water yield from the entire basin. 

6. The water pumped from wells for irrigation has come partly from accumulated 
storage within the aquifer as shown by the progressive decline of water levels in the areas of 
pumping. Whatever the amount of ground-water outflow northward from the basin, 
pumping has caused no significant cbange in that outflow. This is shown by water levels in 
the northern outfl )w area which ha e changed very little during 14 years of progressively 
increasing pumping. Lowering the wa -er level by 50 feet in an ilea of intensive pumping has 
lowered the water table less than 1 f lot 4 miles to the north. Elasalt in the outflow section 
has a thickness of several hundred fi et - wells have been drilled in it to depths of nearly 
500 feet - and a reduction of less t l~an  a foot in saturated thickness would cause a very 
small reduction in the outflow. Until the pumping in the valley has significant effect upon 
the outflow, accurate determination ~f the amount of outflow is of academic interest only. 



S h e  water p imped  from slorage comes irorn tlie valley aquifer whcre it is generally 
most permcable, inost productive and thickest. 111 the area of inost intensive pumping north 
of Malta, the ocjiiifer extends t o  dcptlis greater than 1.400 feet, and it is more than 700  feet 
thick under practically thc cntirc area of irrigation pumping. In this pimping area. the 
aquifcr has an estim~ltecl average specific yield of  30 iierccrit cornparable t o  thc materials 
already dewatered down to  del-:tlis generally morc than a hundred feet below the water 
tahle as of 1967. The  older setlimcnts a t  greater depths  and aronnd the margins of the valley 
have lower perliieahility and lesser yields. estimated to average about  I 5  percent. 111 the Raft 
River valley subbasin, it is estitnatctl that  the  pernicable sedinlents down t o  depths 200 feet 
below the water table in 1967 contain 9.000,000 acre-feet of water in storage. 

7. All studies, including this one, have noted the quantity of ground water leaving the 
Raf t  River valley s ~ ~ b b a s i n  as grountl-water outflow. This water. once it tnovrs northward 
into the Snake Kivci- Plain. is lost to use within the Raft River basin. Thils. many have been 
led t o  believe t11;it pumping near the oiittlow area would intercept a major y r t  of the water 
now moving fro111 the basil1 as nndesflow. The  pumping t o  t1;tte. however. 1 1 ; ~  not  rcduced 
the oittflow by ai!. significmit ;inioiiiit. Alt1ic~ii:li pumpin: ~bntil 1966 w;ts lcss than the 
calcrilated perenniiil yield of tlie basin. much C I I  that "yield" <.otitinued t o  flow out  o f  the 
basin; the pntuping was i n  excess 01' local r~,plenisliment I thcrcfore, in part from 
accn ln~~la ted  stoi-age it1 ttic nijiiit'er. ('nntinuetl pumping can lit. expected to liroaden and 
deepen the existing cones of tlcprcssii,n, and to cailse furtlicl- depletion oS storage and 
increased pumping lifts bef'orc any significant decrcase in subsurface outflow occurs. 

This dcplctioii of groinid-water storage poscs many problems to  the development and 
use of the ground-water resource. Of  particular import~iiice is the  realization that the 
ground-water resources havc b c m  and are being depleted, and that  this depletion may 
mtitiniie for  decades under pscscnt purnping practices. Tlte dcplction will continire during a 
t rmsient  state 01' iinbalilncc that began when man first disturbed the natural equilibrium, 
and will end only when a ncw equilibrium is reached. This new equilibrium can occur only if 
tlie total quantity constrnied by man is equal t o  o r  less than the perennial yield (140 ,000  
acre-feet) of the basin. In  the course of  this depletion, it must be anticipated that so long as 
present pumping practices continue there will be a progressive increase in pumping lifts and 
dccrcases in well yiclds. The  infomiation on  which t o  base an cstimate o f  the point in time 
at which a new ei~itilibriuni would be established is not  now available. 

PREVIOUS WORK AND REPORTS 

The gencrnl geology and wliter resources of the Raft River basin have beeti stndied in 
p;trt and in v;irying detail by several workers. Despitc this work, the geology o f  the valley 
areas end tiic I-cgion;ll S ~ ~ L I C I I I I K ! ~  Ij.;~tlires arc still iniperfictly known. and more detailed 
investigations ;ind u r t h e r  ci;ita collection are ncctlcd on  w liicli t o  base detailed hydrologic 
analysis of' tile basin. The  rcsults of all previous work in tlic basin have becn used in the 
analyses, inlcrprctations, and conc1usii)tis of this report.  

The c;ii-licst known slridy of' thc hydrologic c1i;tractcri~tics uI' the arca was made by 
Slciii-ns and othcrs in 1'128 during a reconn:tissance of' the Snithe River Plain a i d  tributary 



valleys. This work was published in two reports (Steams and others, 1936, 1938). Kirkham 
(1931) compared the Tertiary stratigraphy of the Raft River basin with that of other areas 
in southern Idaho. The basic reference on the geology of the area was prepared by Anderson 
(1931), who described the general geology and mineral resources of eastern Cassia County 
with special emphasis on the upland areas. The report contributed little information about 
the geology of the valley lowlands. 

Fader (1951) prepared a preliminary report which contained records of wells, 
ground-water levels, and pumpage for irrigation. The most comprehensive report of the 
water resources of the basin, however, including well data and estimates of all elements of 
the hydrologic budget, was prepared by Nace and others ( 1961) as the result of work done 
in 1948-55. That report discussed estimates of the total water yield of the basin, the 
amounts of that yield available as surface water and as ground water, the amount of ground 
water that might be recovered for beneficial use, and the effects of such use on downstream 
water supplies. However, the accuracy of the estimates was greatly limited by the sparse 
records then available. 

A report by Crosthwaite and Scott (1956) contained data on wells at the extreme 
northern end of the basin, and Felix (1956) presented data on the geology of the eastern 
part of the Raft River Mountains. Mundorff and Sisco (1963) completed a brief study of the 
valley part of the area in 1960 and published a short report containing water levels, declines 
of water level since 1952, pumpage, and estimates of water yield and ground-water outflow. 
A principal conclusion of the report was that ground-water development during 1955-60 
had materially reduced the unused and uncommitted underflow from the basin and that 
continued ground-water pumping could economically intercept perhaps one-fourth of the 
then estimated 140,000 to 200,000 acre-feet leaving the basin as underflow. An unpublished 
report by Haight (1965) contained data on pumpage of ground water through 1964, water 
levels as of the spring of 1905, and water-level change. 

Additional information about the geology of the mountainous parts of the area was 
published by Armstrong (l966), Compton (1966), and Damon (1966). The Utah part of the 
basin was described on a reconnaissance geologic map (Butler and others, 1920, pl. 4), but 
the work was too general to  be useful in this study. 

Present use of water in the basin is considered in the report only in relation to  the 
hydrologic system. The analysis is directed towavd the storage and movement of water in 
the system. The merits, effectiveness, or relative elriciency of the various uses are considered 
to be beyond the scope of this report. The report is intended principally for use by persons 
who have the responsibility of managing the basin and for selecting alternative plans of 
developing or regulating the water resources of the valley. 

URPOSE AND SCOPE 

Since conclusion of the principal studies in 1955 and 1960, new information has 
become available as a result of additional well drilling, additional mapping of irrigated 
acreage, and longer records of precipitation, streamflow, pumpage, and ground-water levels. 



The availability of these data offers opportunity to  reevaluate the elements of the 
hydrologic budget of the basin and refine quantitative estimates made during the earlier 
studies. 

The purpose of the report is to  present new data on which reevaluation and refinement 
of the budget elements are based, and to  describe procedures used to develop a new and 
independent hydrologic budget for the basin. 

The scope of the studies applicable to the purpose of the report was as follows: 

1. The areal distribution of the geologic formations and units of importance to  the 
water resources was re-described with the aid of aerial photographs and better maps than 
were available to  previous workers. This re-description, along with additional well logs, 
enabled the authors to better determine the location of aquifers and geologic features that 
control ground-water occurrence and movement. 

2. A new precipitation-distribution (isohyetal) map was prepared, including data 
gained from new measuring sites established as a'part of the study. 

3. The total water input to  the basin was estimated with the aid of the isohyetal map. 
Measurements of streamflow in the principal tributary drainages made as a part of the study, 
and recomputation of natural water losses through evapotranspiration were used to  estimate 
water yield of the basin. 

4. All wells drilled since 1955 were inventoried. These data, plus earlier records, were 
used to determine and describe the occurrence of the ground-water resource in the basin. 

5. Estimates of net ground-water withdrawal were derived from updated pumpage and 
consumptive-use data, and data on the quantity of surface and ground water applied to  the 
irrigated acreage. 

6. Systematic measurements of water levels were continued at existing observation 
sites, and initiated at others to define historic changes in ground-water levels. 

7. Areas of net decline in water levels were determined and estimates made of net 
change in ground-water storage, as well as reduction of subsurface outflow from the basin. 

8. A water budget was prepared to  interrelate the estimated elements of water input to 
the basin, consumptive use, outflow, and storage change within the basin. 

9. Streamflow and ground-water samples were analyzed for chemical content as a basis 
for estimating effects of development and use on the chemical quality of the water resource, 
and the distribution of these effects in space and time. 



REFERENCE PERIOD USED IN THE REPORT 

The U.S. Weather Bureau uses the 3Gyear period i931-60 ar a base period for the 
computation of normal precipitation and temperature. For ready comparison the same 
period is used in this report for the analysis of precipitation, temperature, 
evapotranspiration, streamflow, and water-yield data. Records that do not encompass this 
period are adjusted to the period by correlation with long-term records, and by 
extrapolation. 

The period of rapid change in ground-water occurrence and use extends only from 
about 1948 to  the present, and there is no value to  extending this record to  the 1931-60 
base period. Consequently, changes in ground-water recharge, discharge, and storage are 
referenced only to  the period for which data are available. 
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THE ENVIRONMENT 

GEOGRAPHIC FEATURES 

The Raft River basin is characterized by rugged mountains rising above aggraded 
alluvial valleys. The topography in and around the basin strongly influences the climate, and 
local factors of geology and water use control runoff and ground-water recharge. Figure 1 
shows the location and arrangement of the valley areas with respect to  their enclosing 
mountain ranges, and to  the various subbasins, stream systems, and geographic features 
referred to  hereafter in this report. The basin includes all the surface area drained by the 
Raft River and its tributaries above the stream-gaging station Raft River at Yale, sec. 1, T. 
10 S., R. 27 E. (fig. 1). 

The Raft River basin has been divided into three subbasins, both because of hydrologic 
considerations, and for convenience in discussion. The subbasins have been designated as 
Raft River valley, Yost-Almo, and Elba (fig. 1). Throughout the discussion of water 
resources, those subbasins will be considered as entities whose sum makes up the whole 
surface-water discharge and water yield of the Raft River basin; the ground-water subbasins, 
similarly, conform to  the three-fold division but are restricted in the sense that the area of 
each subbasin underlain by aquifers capable of yielding significant quantities of water to 
wells is distinguished from the drainage subbasin in which the ground-water subbasin lies. 

Mountain Ranges 

The mountains surrounding Raft River valley have a two-fold importance in relation to  
water resources. The crests of the ranges are taken as the hydrologic boundary of the basin, 
and the higher slopes within the basin are the areas of principal water catchment as 
precipitation generally increases with increasing altitude. Further, the rocks that form the 
mountains, and their extensions that underlie the valleys of the basin, are largely though 
not entirely - impermeable. Therefore, those rocks are considered to  form the boundaries 
of the developed and developable aquifers of the Raft River hydrologic system. 

The Albion Range forms most of the western margin of the basin, is bounded by steep 
slopes on the eastern side, and rises about 5,000 feet above the adjacent Yost-Almo and 
Elba subbasins. 

The Goose Creek Range sheds runoff to  Junction Valley at the head of the Raft River 
drainage, and rises about 2,900 feet above the adjacent Junction Valley floor. 

The Raft River Mountains lie along and just sou;h of the Idaho-Utah boundary and rise 
about 4,800 feet above the floor of Raft River valley. This range trends eastward from the 
valley of South Junction Creek to  southeast of Strevcll where a low pass separates the range 
from the southern end of the Black Pine Range. 

The Black Pine Range rises steeply from broad piedmont alluvial slopes, trends 
northward, and forms the southeastern margin of the Raft River valley. The range rises 



about 4,600 feet above the valley Hoof and is characterized by narrow ridges and deep, 
narrow valleys. 

The Sublett Range also contains narrow ridges and steep, narrow valleys that trend 
northwest along the northeastern valley margin. This range is separated from the Black Pine 
Range by the valley of Meadow Creek and rises steeply above the floor of Raft River valley 
to an altitude of about 7,400 feet. The northern end slopes gently downward, reaching the 
level of the Snake River Plain about 4 miles south of the Snake River. 

The Cotterell Range is a westward-tilted fault block lying mainly within the valley part 
of the Raft River basin. I t  separates the main Raft River valley from the Yost-Almo and 
Elba subbasins. This range is identified as the Malta Range in most earlier reports, but 
modem maps and most local references now use the name Cotterell Range. The range rises 
to an altitude of about 8,050 feet, with the central part of its southern segment rising about 
3,400 feet above the Raft River valley. A broad pass separates the range from the Raft River 
Mountains on the south, and the northern end slopes downward to  the Snake River Plain. 
Raft River crosses the extreme southern end of the Cotterell Range at The Narrows, and 
Cassia Creek divides the range near its midpoint. The western flank slopes gently westward 
toward the Albion Range, but the eastern flank is steep and rugged with massive slide and 
slump blocks marking the transition from the sharp crest to  the alluvial slopes of the valley 
floor. In this report, the northwestern margin of the Raft River drainage basin is considered 
to lie at the crest of the northern segment of the range (fig. 1). 

Principal Valleys and Subbasins 

The Raft River valley is the largest of the several valleys in the Raft River basin. Its 
floor is an alluvial plain, 10 to 15 miles wide. The valley floor rises gently from the Raft 
River in the central part of the valley with steepening slopes near the mountains. The 
altitude of the valley floor is about 4,200 feet near the mouth of the Raft River, about 
4,500 feet near Malta, 5,000 feet at The Narrows, and about 5,200 feet at places on the 
piedmont slopcs. 

The section of the valley from about 4 miles north of Idahome to the Snake River was 
referred to by Nace and others (1 961, p. 11) as the Northern Plains section. This part of the 
valley is physiographically a part of the Snake River Plain, but is included in the Raft River 
valley becmse of its close hydrologic relation with the remainder of the Raft River basin. I t  
has been only slightly modified by erosion since emplacement of the volcanic rocks, and 
volcanic cones locally rise several hundred feet above the general level of the valley. The 
entire valley, from near the Snake River southward to  The Narrows and the vicinity of 
Strevell, is designated the Raft River valley subbasin. The entire subbasin is approximately 
1,000 square miles in extent and includes several subareas with distinctive hydrologic 
characterist~cs. 

The Eiba subbasin lies between the Albion and Cotterell Ranges, and is about 100 
square miles in extent. The valley-floor area of the subbasin, however, is much smaller, 
averaging about 3 miles in width and 12 miles in length. Talus slopes along the flanks of the 



i l i c  Yost-Alma sulhasi i i  opens westward l run l  t i le southern end o f  the K a l t  R ivcr  
valley upstrcani o f  T i le  N x r o w \  to for111 what ha\ heen called the upper R d i  Kiver viilIe!/. 
i s  Y I I I I S I ~ .  I I l u v i i ~ l  V I  o f  irregular fo rm wliicl: slopes f r om  the r iort l i  and s w t l i  
tow;ird The Narrow?. i i  hou~ idc i i  b y  t l ic A l b i on  Range ir i i  the wejt .  t l ie K;ilt River 
Mo i~n ta i i i s  011 ti le south. atid t l ic ( 'ot terel l  Rang<, o n  ti le u \ t .  . lu i ict ion Vallc!. i s  wliar;~ted 
froi i i  t l ic whb;l\ in hq a steep gc~lpc ;it t l ic Upper Narrow\.  I t  is a stilaii. riio~int;iin-cnclosetl 
:~l Iuvinl  lowlal i t l  ly ing 111;11111y i n  l i t a i l  at the he;ldwatcrs o f  t l ic l i ; i f t  Kiver. The  Yost -A ln ic  
siihbasili i .otitain\ i i j i l iroxirnatcl! 410  siltlnt-e mi le\ .  TIi1, v ;~ l l ry - l ' lo i~r  part o l  t l ic suhh;isili 
~ i iakeh III) ~ i i o r e  t11;11i II;IIS t l ic to f i l l  xrt,,l. 

CLIMATE 

Kccords o f  o thcr  cicinents o f  climate. such as te~i ipcrature, humid i t y .  w ind  direct ioi l  
and velocity. cvaporatiori. and s o l x  radiat ion are vir tual ly lacking w i t h i n  the sti i t ly area. O f  
t l i e i ~ i .  on ly  t cn i pe ro t~~ re  is recorded w i th in  the basin. and that a t  Strevell. 

Precipi tat ion 

Precipi tat ion on t i i t  Ka f t  R ivcr  basin is derivcd main ly  f roni  winter storms moving 
 stward ward ;icross the l rnci~i  and t o  lesser degree f rom summer thunderstorms that gcricrally 



move north or northeastward from Utah and Nevada. Most of the precipitation in the higher 
mountains falls as snow. Winter precipitation at a given altitude tends to  decrease from 
northwest to  southeast. Summer precipitation tends t o  increase toward the southeast. On 
the higher mountains, only about 10 percent of the annual precipitation falls during the 
growing season, but as much as 45 percent falls during the growing season in the valleys at 
the base of the mountains. Table 1 gives average monthly and annual precipitation for 12 
long-term stations in and adjacent to  the basin, and table 2 gives data for the eight 
short-term gages operated during this study. 

The distribution of precipitation over the basin, adjusted for exposure, local terrain, 
and rain-shadow effects is given by isohyetal lines in figure 2. The adjustments were made 
by the following procedure: ( I )  The altitude of each gage site was adjusted to  an effective 
altitude to  account for local terrain effects by averaging the altitude at the gage site with the 
altitude at eight points of the compass 1.5 miles from the gage site; (2) the effective 
altitudes were then plotted against the precipitation at each site adjusted t o  the 1931-60 
normal, and average altitude-precipitation curves were drawn (fig. 3); (3) curves were drawn 
parallel to  the average and through geographically similar groups of stations to  determine 
change of precipitation at equal altitude, generally from north to south; (4) lines of equal 
precipitation (isohyetal lines) were drawn; and finally (5) the isohyetal lines were adjusted 
either up or down slope in accordance with the Lurves of figure 3 in localities having obvious 
rain-shadow effects or  direct exposure to  prevailing winter storms. The western and 
northern flanks of the Albion and Sublett Ranges have such direct cxposurc; consequently, 
isohyetal lines in these areas were adjusted downslope slightly. Similarly, minor rain-shadow 
effects were considered probable on the eastern side of the higher mountains and the 
isohyetal lines were adjusted upslope slightly. The decrease in precipitation from north to  
south in the basin is probably the result of rain-shadow effects caused by high mountain 
rauges west of the southern part of the basin. 

The adjusted precipitation distribution shown in figure 2 differs considerably from the 
U.S. Weather Bureau isohyetal map for the area, and at specific locations it differs markedly 
from precipitation values given by Nace and others (1961). The differences are largely the 
result of the more detailed data now available and, to  somc degree, to differences in 
subjective judgment applied to  rtdjustments. In general, the quantities of  precipitation 
shown are considered to  be conselvative. However, it should be noted that data from this 
study show an average annual precipitation at Sublett more than 5 inches greater than was 
estimated by Nace and others (1961). Also, a correlation of monthly data for the short 
record at the old Almo station gives an adjusted annual precipitation at 12.9 inches for the 
base period I93 1-60 as comparcd to the adjusted 15.6 inches obtained by Nace and others 
(1961). 

As shown in figure 2, the average annual precipitation ranges from less than 10 inches 
on the central part of the valley floor to  more than 30 inches near the summits of the 
Albion Range and Raft River Mountains. Avcragc annual precipitation over the entire basin 
is 15.0 inches or 1,280,000 acrc-feet of water, practically identical with the estimate of 
1,290,000 ;~cre-feet by Nace and others (1961. p. 32) .  





Table  2.  P r e c i p i t a t i o n  r e c o r d s  from s t o r a g e  gages  i n  R a f t  R ive r  ba s in .  
(Records c o l l e c t e d  by U.S. Geo log i ca l  Survey,  e x c e p t  a s  no t ed )  

Approxi- C a l c u l a t e d  
Mean T o t a l  mate normal 

a l t i t u d e  precipi- 
( f e e t  above annual  p r e c i p i -  

S t a t i o n  Locat ion  P e r i o d  o f  r e c o r d  m s l )  O:fz?:p t a t i o n  f o r  p r e c i p i -  t a t i o n  
p e r i o d  of t a t i o n  (1931-60) 

r e c o r d  f o r  p e r i o d  ( i n c h e s )  
( i n c h e s )  ( i n c h e s )  

Idaho - 
hlmo 2 SE Sec.35, T.15 5..  R.24 E. 9- 4-65 t o  8-24-67 5,200 5,200 17.75 8.9 9 

Black P ine  Canyon Sec.29,  T.15 S. ,  R.29 E. 8- 2-65 t o  7-25-67 7,100 7,100 43.15 21.6 22 

A Bny Scout  Camp s e c .  8 ,  T.14 S , ,  R.24 E. 8- 2-65 t o  7-27-67 7,600 7,450 60.19 30.2 U 
29 

Gunnel1 Guard Sec.16, T.15 S . ,  R.28 E.  11-18-58 t o  4-20-60 5,880 5,980 120.10 14.2 13.6 
S t a t i o n a  2-21-61 t o  7-14-67 

How911 Canyon Sec .  2, T.13 S . ,  R.24 E.  8- 2-65 t o  7-27-67 8,200 7,970 56.12 28.2 2 8 

S u b l e t t  Guard 
S t a t i o n a  

Sec. 9 ,  T.12 S . ,  R.30 E. 

Onemile Summit Sec.14, T.14 N., R.14 W. 8- 2-65 t o  3-29-66 7,300 7,520 40.08 23.0 23 
9-27-66 t o  8-24-67 

Vipont  Sec. 7, T.14 N . ,  E.17 W. 7-31-66 t o  6-21-67 7,700 7,360 41.52 21.3 21 

a Record c o l l e c t e d  and p u b l i s h e d  by U.S.  Weather Bureau. 
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FIGURE 3.- Approximate relation between altitude 

and precipitation. 



The average distribution of th:: precipitation during the year is shown by curves in 
figurk 4. 

FIGURE 4.- Generalized seasonal precipitation distribution 
for different parts of the Raft River basin. 

Temperature and Evaporation 

Strevell is the only location in the Raft River basin x~here long,-term temperature 
records have been collected. That record and records at Oakley in the Goose Creek ba in  to 
the west, at Albion in the Marsh rre-k basiri, and ai Rurley and Rupert on the Snake Kiver 
Plain, all at the northwes1:t.m inargi~i of the Raft River basin, were used to develop estimates 
of average tempzraturcs witlm the t.aWr1. The altitudes of these wealher statlons range from 
4,180 feet at Burley to 5,280 feet a t  Streveli. 

The mean annua! tempemture for the 1931-60 normal ptriod ranged from 45.4O F 
(7.4O C) at Strcvzll to 49.6O 1: (9.8" C) at Mwley. Recorded minimum temperatures have 
ranged from abcut -350 F (-37O C) at Burley to about --17O F (-270C) at Streveli, and 
recorded maximum ttrnperalures have ranged from about 100° F (380 C) at .Ubion to 
about 106" F (41O Ci  at Oaklq.  The average frosl-free period in the Raft River valky is 
about 100 d a , ~  A summary of t!re mean temperatures by rnonl.11~ and years, all based on 
tile 30year normal period 1'33 I--bO, is givcn in tahie 3. Also shown m thble 3 is the av::rage 
of the mean monthly temper~ture and the altitude of the five stations. 



T a b l e  3. mean month ly  a n d  a n n u a l  temperature i n  R a f t  R i v e r  b a s i n  a n d  a d j a c e n t  areas f o r  p e r i o d  1931-60. 
(From r e c o r d s  p u b l i s h e d  by U.S. Weather  Bureau)  

P e r i o d  A l t l t u d e  Mean 
o f  ( f e e t  above  Mean month ly  t e m p e r a t u r e  ( O  F) a n n u a l  

r e c o r d  m s l )  t empera -  
( y e a r s )  J a n .  Feb.  Mar. Apr. May J u n e  J u l y  Aug. S e p t .  O c t .  Nov. Dec. t u r e  (OF) 

Alb lona  2 3  4 ,750  28.1  30.5 37.9 45.2 52.4 58.8  66.6  66.7 56 .5  47.3  37.0 29.8 46.4 

B u r l e y  48 4 ,180  26.6 31.5  3 9 . 1  48.6 56.9  64.2 73.8  71.4 6 2 . 1  5 1 . 3  38.0 31.3 49.6 
N - 
0 Oakley 6 4 4 ,600  27.5  31.9 38.4  47.2 55.0  62.0 71.3 69.2 6 0 . 7  51.0 38.4 31.7  48.7  

R u p e r t  5 4 4,204 24.4 29.2 37.0 47.3 55.7  62.8 72.5  69.6 60.2 49.8  36 .7  29.4 47.9 

S t r e v e l l a  2 1  5 ,280 22.2  25 .8  34.0  4 4 . 1  52.0 62.6 70.0  67.7 60 .1  47.3 33 .7  25.6 45.4  

Averaqe 25.8 29.8 37 .3  46.5 54.4 6 2 . 1  70.8 68.9 59.9 49.3 36.8 29.6 47.6 

a A d j u s t e d  to  30-year  no rmal  p e r i o d ,  1931-60. 



Evaporation from a U S .  Weather Bureau class A land pan at Minidoka Dam (Lake 
Walcott) near the northern end of the Raft River valley averaged about 63.6 inches during 
the April through October period for the years 1949-61 (table 4). Application of an 

Table 4. Evaporation from c l a s s  A land pan a t  Minidoka Dam. 
(Inches of water .  Based on r eco rds  of t he  U.S. 

Weather Bureau) 

Year Apr. May June J u l y  Aug. Sept .  O c t .  Nov. T o t a l  

Aver- 
age 7.02 8.17 10.82 13.01 11.47 8.38 4.70 2.66 a63.57 

a T o t a l  of A p r i l  through October averages.  

equation given by Kohler, Nordenson, and Baker (1959) to compute natural open-water 
evaporation from meteorological data at Lake Walcott suggests a probable average annual 
evaporation at the lake of about 48.6 inches. A U.S. Weather Bureau map presented in their 
report shows an average annual evaporation in the vicinity of Lake Walcott of about 38 
inches, but this very generalized map value was based on data from an old record at Milner 
Dam where recorded wind velocities differed greatly from those at Minidoka Dam. 

A procedure given by Rohwer (1931) also allows computation of evaporation from a 
free water surface. That procedure provides a value of 47.8 inches for annual evaporation at 
Lake Walcott from the reservoir surface. 

IRRIGATED AREA AND REMAINING UNIRRIGATED LAND 

In 1966 the area of irrigated land in the Idaho part of the Raft River basin was about 
130 square miles or 83,000 acres (fig. 5). This included some narrow strips of bottom land 



ied by willows and tall grass and are too narrow or irreguiar in shapc t o  be 
economically cultivated. i n  addition, about 6.5 square miles or 4,200 acres were irrigated in 
the Utah part of the basin downstream from the Upper Narrows and in the valleys draining 
the north side of the Raft Kiver Mountains near Naf, Standrod, and Yost. The sum, about 
87,000 acres, represents the maximum acreage irrigated in those years when a full 
surface-water supply is available. Much acreage in the southern parts of the basin, near 
Almo, Yost, Staridmi, an; Naf, is supplied by surface water only, and receives inadequate 
water in years of average runoff. These areas receive little or  no  waicr in dry years. Also, not 
all acreage supplied by ground water is irrigated every year. For these reasons, the average 
area irrigated annually in recent years is less than the maximum, and is estimated to have 
been about 84,000 acres. 

Irrigation with surface water in the Raft River basin has reached the practical limit of 
development without surface storage. Although the remaining surface flow is small, there 
has been a strong demand for additional water in recent years, and the water supply 
available for irrigation is a critical factor in the economic future of the area. 

Nace and others (1961, t. 19, p. 81) estimated there were about 386,000 acres of 
undeveloped land in the lowland area of Raft River valley in 1956. At that time, about 
43,000 acres were estimated to  be under irrigation. Irrigated acreage increased to  about 
84,000 acres by 1966. Thus, the remaining undeveloped lowland arza of Raft River valley, 
much of which probably could be irrigated if water were available, includes about 345,000 
acres. 

HE GEOLOGIC FRAblEWO 

UTION AND STRATIGRAPHY O F  THE ROCKS 

The geologic framework of the Raft River basin is made up of complexly folded, 
faulted, and eroded mountain masses of crystalline, metamorphic, volcanic, and 
consolidateid sedimentary rocks ranging in age from Precambrian t o  middle Tertiary; with 
structurally depressed valley areas containing large thicknesses of volcanic rocks, lake 
sedinrents, ;iliiivial and fluvioglacial deposits, and windblown silt (loess). The valley-filling 
rocks and dcposits nmimulatcd from early or middle Tertiaiy time to  the present. 

Anderson (1931) prepared one of the earliest and most detailed descriptions of the 
rocks and dcposiPs of the Kafi Kiver basin with primary emphasis on the consolidated rocks 
of the nrounl;iiiis. He described llie occurrence of the principal geologic formations of the 
mountain areas as well as tlie highly complex geologic structures that control the 
present-day topography and drainage. He also described the simpler structures that control 
the disiribtitioii of tlie younger deposits that are of importance to  the water resources of the 
area. Lack of adequate base inaps, however, hampered precise mapping of geologic contacts 



atid s t r ~ ~ c t u r a l  features b!; caslicr worltci-s. ;inti tiicy gave liitlc a t tent ion t o  description of tlic 
unconsolidntcil valley-iilling deposits. More rcccntly,  Nacc iind oiher'i ( IOhl ) ,  Arnistrong 
( I 9 f j h ) .  C'oniptoii (19601. ;itid Damon I I%bi lrave tlcscri1)cd p i t s  of tllc arca in greater 
tictnil. 

As a pait  of  tlie study lor  tills scporr. tlie geologic contact  betwccn tlic post-Cretaceoiis 
arid tlie C'rclaccocls a111l oldc; rocks. as well a tlie ~ . o n t s c t s  bctweet: the  sevet-a1 
post-Cretaceous furmations.  wcrc rernappcii with llrc :rid of  nerial pllotograplis and soine 
additit1~1;ll Ileltl studies. This  remapping ( f i g  I ) differs considerably in some parts of the  
viilley f rom that  sliowii by Anclcrsosi. and ;11so 1'1-om tliai shown b y  Nace arid others  wliicli 
wab compiled from sevcriil source>. 

Nacc atid i)tliers ( 1961.  17. 18-78) di\ciisscti t11c gcncral geology of  tlic K;ift Kivcr basin. 
incliiding ;I ~Iescriptioii ol' the  I-ock iitiits o l  iii~jiort;itice t o  t l ~ c  wiitcr resources, the  geologic 
sirtictiire. 2nd tlre physiographic dcvelopmeiit of  the  bas in  In general, the  present s tudy 
confit-ms the earlier interpretations ;rnd adds  furtlier detail t o  discussion of  the  character and 
tlistrihutioli of  tlic units  that  are iiiiportant lo occul-rence and distribution of  tile water  
rcsocirccs of the  hasin. T h e  principal dill'ercnces are in thi. subdivision of  tlie Sal t  Lake 
Format ion,  tlic modern tlesignatioii o f  a Raft  Format ion including the Raf t  lakebeds a s  a 
facies. and ti reinterpretation of  the thickness and  distribution o f  thc  Quaternary alluvium. 

T h e  rock units shown in figure I arc the  ones  related most  directly t o  water  supply in 
the  Raf t  River basin. Rocks  older than  and incliltling tliu granitoid Cassia hatholi t l i  of  Late 
Cretaceoiis o r  early Tertiat-y age arc grouped as a single itnit becaiisc in tlic hasin as a whole 
tlicy affect the  liydrology approximately c~nifol-nily. 

Tlre diagram of  figure h shows the  str;itigrapliic rcliitions and description of  the  
litliologic units. based largely on tlic work by Anderson ( 193 1 ). b u t  the  indicated 
tliicknesscs of tlre rocks of late Tertiary and Quaternary age are estimates by the  authors.  

Rocks of Pre-Tertiary Age 

T h e  rocks of  [ire-Tcrtiary age arc extremely diverse; they include metamorphic  
ni;ltcrials such as quartzite,  marhlc, and schist. and  a wide variety o f  consolidated 
sedimentary rocks siicli as limestone. satidstonc, shale, and chert .  Identification and  
d i fk rcn t i a t ion  of  these is essential only in order t o  recognize geologic structures and 
relations and t o  decipher tlie geologic lristory. Most o f  tlie pre-Tertiary rocks are relatively 
impenneabie and g r o ~ i n d  water occurs in tlretn chicfly in open joints. Where solution cavities 
cxist in l i~nestone.  however. wells 111;it intercept these cavities yield large q u m t i t i e s  of  water.  

Because of tlieir reliition t o  tliu s t r u c t u r d  history of  the  area and  their  resistance t o  
erosion, tlie pre-Tertiary rocks fornr tlie mountains  and Iiighlands of  the  arca. They  rcceivc 
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tlie major part of the precipitation and deliver it i o  ihe valleys arid lowlands as runoff or  by 
the way of the fmctures and solution cavitics directly to the ctqiiifer units of the valley fill. 

Salt Lake Formation 

Tlie Salt Lake Formation consists of sedimentary and volcanic rocks having an 
aggregate exposed thickness of at least 2,500 fcet. Tlie general relations {fig. 7 )  sdggest that 
the formation is composed of three units having maximum thicknesses of about 1,700 feet 
for a lower sedimentary unit, 500  feet for a central zone of welded tu fh ,  and as much as 
500 feet for an upper sedimentary unit. Earlier workcrs: particularly Nace and others 
(19611, considered tlie Salt Lake Formation to  consist o f  two units, the v.ppw capped by 
massive dark volcanic flow rocks that are exposed primarily in tlie Cotterell Range. The age 
of tliesc rocks was not identified by earlier authors, except that they were considered to  
occur bctween the Salt Lake Formation and tlie next-younger Rafi lakebcds. 

In this report, the Salt Lake Formation is considered to  be composed of three major 
uniis, with the massive volcanic rocks of the Cotterell Range occupying tlic central unit, the 
same relative position as the welded tuffs reported by Mapel and Hail (1959) west of Raft 
River valley in the Goose Creek basin. Present usage restricts the name Salt Lake Formation 
to  deposits of Pliocene age. 

Most of the wells that produce water from the Salt Lake F o n a t i o n  penetrate only 
beds of sandstone, thin conglomerate, and occasional layers of clayey sill. A few wells 
penetrate volcanic flow rocks that  are interbedded with the sediments. 

Data from 18 wells that derive water from the upper unit of the Salt Lake Formation 
only show yields that range from 270 t o  3,240 gprn, and average about 1,500 gpm. Tlie 
median yield of these 18  wells is about 1,600 gpm. 

The Salt Lake Formation yields important quantities of water t o  many wells in 
addition to  the 18 cited above. Many wells are drilled through the Raft Formation and into 
the underlying Salt Lakc Formation. and are constructed so as to  obtain water from both 
formations. 

Raft Formation 

The RaSt Formation consists of lake and stream deposits that accumulated on the 
eroded surface of the Salt Lake Fonnation,  as drainage to  thc north was progressively 
blocked by basalt of the Snake River Plain. The deposits were first named the Raft Lake 
Beds (Steams and others, 1938, p. 45)  and were considered to  be probably late Pliocene in 
age, Work by Trimble and Cam (1961), liowever, has yielded fossil evidence t o  show that the 



deposits are of middle or late Pleistocene age. Also, the deposits were renamed the Raft 
Formation in recognition of associated, widely distributed material that is alluvial and 
possibly fluvioglacial as well as lacustrine. 

The Raft Formation is well exposed only in the northeastern part of the valley, yet it 
probably underlies most of the valley to  the south, beneath a cover of younger alluvial 
materials. 

Well drilling has disclosed sediments of probable lacustrine origin at many places 
beneath the floor of the valley, and these are presumed to be in the Raft Formation. In 
general, subsurface lakebeds at  shallow depth beneath the north-central part of the valley 
floor probably are Raft Formation or younger, whereas those at greater depth and along the 
east and south flanks of the valley are indeterminate as to  whether they are Raft Formation 
or a part of the Salt Lake Formation. 

The percentage of coarse-grained material in the Raft Formation in the main valley 
increases markedly toward the south. Gravel is much more common toward the south than 
it is at  the north, and the sand is coarser grained. Beds of clay are mostly thin but are 
abundant. Individual beds thicken or thin within short distances and can only rarely be 
correlated between wells a short distance apart. 

The lacustrine deposits of the Raft Formation aggregate probably little more than 200 
feet in thickness, and are poor aquifers. Many wells drilled recently in parts of the valley 
show, however, that the Raft Formation is thicker, and that generally the materials are 
coarser nearly everywhere in the valley than was previously thought. Some coarser beds 
previously assigned to  the Salt Lake Formation are now interpreted as part of the Raft 
Formation, although identification of both formations in drillers' logs of wells is uncertain 
at best. The proportion of glass shards and other volcanic debris is generally greater in the 
Salt Lake Formation. In general, and contrary to  earlier reports, the Raft Formation as a 
whole is a good aquifer from which the majority of the irrigation wells in the valley obtain 
their supply. 

Basalt of the Snake River Group 

In Tps. 10 and 11 S., Rs. 26 and 27 E. (fig. I), basaltic lavas of the Snake River Group 
crop out at land surface. There, and for some distance southward in the subsurface, the 
basalt interfingers with stringers of the Raft Formation, suggesting that a thickening section 
of basalt progressively dammed the outlet of the ancestral Raft River, leading to formation 
of lacustrine conditions in the northern part of the valley, and deposition of thick sections 
of Raft Formation alluvial deposits southward in the valley. 

The basalt flows, in exposure and as reported in logs of wells, have characteristics 
similar to  those of basalt underlying the main Snake River Plain. Individual flow units tend 



t o  be massive and effectively impermeable. liowever, rubbly zones between llows ]lave high 
permeability and transmissivity and may be majoi- aquifers. Each basaltic aquifei- zoiie tends 
to be virtually separate from that above and below because of the impermeable character of 
the massive, intervening lava. Locally, columrrar jointing commonly foi!nri in basalt may 
provide weak inter-aquifer connections. In the Raft River area, however; columnar joinzing 
is not exposed, and can only be inferred to occur in the subsurface. 

Alluvium, Fan Deposits, 
Landslides and Glacial Deposim 

Deposits of mud, silt, sand, and gravel are widespread on valley tioors and scattered on 
the mountain slopes. Much of the material has been transported l'or long distances by 
running water and is moderately to well sorted and distinctly stratified. Where the ailuvium 
has not been moved far, as in alluvial fans along the bases and lower slopes of mountains, it 
is less well sorted and is poorly stratified. Very poorly sorted material along the mountain 
slopes commonly lacks stratification and is called "hill wash" herein. 

Morainal and outwash deposits described by Anderson (1931) are grouped on the map 
with the alluvium and "hill wash" materials. 

Windblown deposits are not distinguished on the geologic map but are widespread; 
they overlie much of the basalt of the Snake River Group and other formations in the 
vicinity of Sublett, Heglar, and the northwestern part of the valley. The deposits reach a 
thickness of a t  lcast 100 feet in depressions on  the basalt of the Snake River Group, on 
leeward slopes of hills and in sheltered basins. Most of the material is silt size; it is buff t o  
brown, highly porous, unstratified, and lias crude columnar structure. The age probably is 
late Pleistocene and Holocene. 

The windblown material is not an aquifer because it is above the zone of  saturation. I t  
forms rich soil and has a high moisture-holding capacity. 

STRUCTURE 

The principal geologic structural features (fig. I)  in the Raft River basin control the 
hydrology of the area. Considerably more stn~ctural  detail was mapped by Anderson f 193 I )  
than is sllown in figure 1 ;  only the structures that are known t o  influence ground- o r  
surface-water occurrence or  flow in the basin are discussed herein. 

The geologic structures most clearly related t o  hydrology ,)f the basin are high-angle 
normal faults of large displacement. Those faults, trending generally north, bound the 
fault-block mountains on either side of the valley and delimit the eastern and western 



margins of the Cotterell Range. The present study did not materially modify Anderson's 
(1931) interpretations, nor did this study include detailed mapping within the mountain 
blocks. 

However, on the basis of distribution of some formational units in exposure, nearly 
linear occurrence of springs and wells that discharge thermal water, and alinement of 
volcanic vents and topographic features, the positions of major faults (fig. 1) tvdve been 
shifted from positions shown on earlier maps. Because fault traces are concealed beneath 
younger rocks throughout much of the area, delineation of faults on maps must be highly 
interpretive. The faults that bound the Cotterell Range and their extensions from the flanks 
of the Raft River Mountains to  the Snake River Plain are particularly important in 
interpretation of the hydrology of the basin. More detailed study of the subsurface may 
disclose other large faults, also of hydrologic significance. 

The floor of the main Raft River valley overlies a westward-tilted block of consolidated 
rocks whose depressed western part is blanketed by westward-thickening wedges of the Salt 
Lake and Raft Formations. Along the major fault that terminates the western edge of this 
block, another block is greatly uplifted and tilted westward. That block forms the Cotterell 
Range, whose eastern face is scarred by great slide and slump masses that have collapsed off 
the steep face of the uplifted block. Because of this the actual fault trace is obscured and its 
exact position is unknown. The fault is interpreted herein as a broad zone of fractures 
perhaps as much as 2 miles wide along which eruptive basalt has issued at the northern end 
of the basin, and hot, saline waters occur southwest of Bridge. This fault is shown in figure 1 
at the location given by Anderson. The detail of its southern terminus is unknown, but it 
has not been identified as extending into the Raft River Mountains. Nace and others (1961) 
suggested that it may be terminated by a cross-fault through The Narrows and this may be 
the case, but the position or orientation of such a cross-fault cannot be documented with 
existing data. The authors believe that a zone of older faulting probably does trend west in 
the vicinity of The Narrows, that this zone so weakened the basement rocks that a broad 
erosional trough developed between the Raft River Mountains and the end of the Cotterell 
Range, and that the fault along the east side of the Cotterell Range probably terminates at 
the zone. The trough has subsequently filled with Salt Lake Formation, Raft Formation, 
and alluvium. 

The tilted block of the Cotterell Range dips westward into much older rocks of the 
Albion Range which rise many thousands of feet above the block. Anderson placed the fault 
separating these rock masses very close to  the exposed western edge of the welded tuff of 
the Cotterell Range, and extended it southward nearly to Yost through the small hill 
southeast of Reed Spring. Further data collected during this study indicate that although 
there is a fault on the east flank of the hill near Reed Spring as Anderson noted, the main 
fault is located farther west nearer the margin of the Albion Range outcrops as shown in 
figure 1. Hot water in wells near Almo, and an outcrop of the upper unit of the Salt Lake 
Formation at the northwest comer of T. 15 S., R. 25 E., support this conclusion. 



Nace and others ( 1061) also postulated transverse I'aulting across tllc Cotterell Range at  
Cassia Creek, but  there remains n o  direct evidence for such faulting. 

In summary, the geiieral structure of the Raft River basin that affects thc hydrology is 
quite simple, despite its complexity in detail in the older rocks. The basin consists of a hloik 
of the earth's surface that has been tilted toward the wcht and is broken along two or inot-e 
major non i~a l  faults whose direction of displacement is upward on the west. Tlrc 
surrounding mountains form the basin boundaries, and the depressed area has, over thi. 
course of gcologic timc, accutnulated thick deposits of permeable materials that ~ i o w  
contain ground water. 

THE AQUIFER SYSTEM 

Lateral Boundaries 

The  extent of each ground-water subbasin corresponds, in general, t o  one of the t h rw  
surfacc-water subbasins, but  there are important differences. The ground-water subbahin 
boundaries, in restricted sense, lie at the limit of the permeable water-bearing terrain within 
the boundary of the surface-water drainage basin. The  term "ground-water subbasin'" is used 
in tlie restricted sense in the following discussion. 

Any ground water contained in the older rocks surroundtng tlie ground-water hubbasin\ 
dlxliarges ds >ubsurface o r  suriace tlow across the ground-water subbasin boundary. 0 1 1  the 
otlicr hand. pumpinp of wi.11.; l p ~ w t ~ t r : ~ t i n ~  thr  older rnck.; outside the grwnd-w:>trr \i~hl>:i\in 
boundaries but  within the Raft River drainage basin would fventually cause reducctl inllow 
across the boundaries and change the flow regimen. In that sense, the entire area within the 
Ritft River basin drainage divide is witliin one  ground-water basin. 

The external boundaries of the three ground-water subbasins are, except locally, at  the 
contact between the saturated younger formations and either the middle o r  lower unit of 
the Salt Lake Formation o r  the consolidated rocks of pre-Tertiary age. At  the nortliern end 
of the Raft River valley. thc ground-water basin boundary corresponds t o  the surface-water 
divide. 

The lower and middle units of the Salt Lake Formation are probably poorly 
permcable; wells that penetrate these two units have yields which are very low to  moderalc 
and are generally too  small for economic use in irrigation. Therefore, where only t l m e  two 
units contain ground water bcneatli a very thin layer of saturated alluviutn, the position o I  

the ground-water subbasin boundary is at  the base of the saturated younger rocks. 

Of the older consolidated rocks in the area surrounding the ground-water subbasins. 
only the limestone and dolomite may yield sufficient water t o  wells for use in irrigation. 



Wlicre solution by ground water has enlarged cracks and crevices, limestone and dolomite 
outside thc ground-water subbasins can absorb much water. as shown by the lack of streams 
in the Sublett  and Black Pine Ranges where limestone is abundant. 

At  some localities, limestone underlies the  Salt Lake and the Raft Formations, and a 
few wells in the northeastern part of the Raft River valley probably yield water from 
limestone. When tested, well 9S-28E-33hb I produced 1,170 gpm (gallons per minute) from 
limestone with a drawdown of 100 feet. Well I OS-28E-15ad I yielded 1,800 gpm, part of 
which at least came from limestone. The drawdown was 54 feet 

Although limestone aquifers may provide good yields. the storage capacity is normally 
low compared to  that of sand, or  sand and gravel aquifers. 

Raft River Valley Subbasin 

The Raft River valley ground-water subbasin (fig. 1) is. in general, scparated from the 
Yost-Almo and Elba ground-water subbasins on the west by the Cotterell Range. I t  is 
bordered on the north by the Snake River Plain, and on  the west by the eastern fault 
bounding the Cotterell Range. At  The Narrows and where the Cotterell Range is crossed by 
Cassia Creek, the boundary between the ground-water andsurface-watcr subbasins is a t  the 
narrowest part of the canyon through which the streams flow. 

On  the south the Raft River valley ground-water subbasin is bordered by an east-west 
line along which alluvium, Raft Formation, or  the upper unit of the Salt Lake Formation 
abut the northern extent of the middle or  lower unit of the Salt Lake Formation. South of 
that line only the middle or  lower unit of the Salt Lake Formation, o r  older rocks, contain 
ground water beneath a thin covering of saturated alluvium. 

On  the east, also, the Raft River valley ground-water subbasin is bordered by the 
subsurface western extent of the middle unit of the Salt Lake Formation, where only that 
unit o r  older rocks contain ground-water beneath a thin covering of saturated alluvium. 
Locally along the eastern margin of the subbasin the middle or  lower unit of the Salt Lake 
Formation is overlain by a moderate thickness of saturated alluvium or  water-bearing 
materials in the Raft Formation. in  these places the basin margin is a t  the contact of  the 
ground-water table with the consolidated rocks of the pre-Tertiary age or  the lower member 
of the Salt Lake Formation. 

Yost-Almo Subbasin 

The Yost-Almo ground-water subbasin is bordered on the north by the surface-water 
divide between Elba and Yost-Almo subbasins: on the west by the normal faults along the 



base of the Albion Rangc: on the south by the contact with pre-Tertiary rocks or  the middle 
and lower units of the Salt Lake Formation; and on  the east by the western extent of the 
middle and upper units of the Salt Lake I-'ormation. At the southern end of  the Cotterell 
Range. the Yost-Almo and Raft River valley subbasins have a common bcunda1.y. 

The Elba ground-watcr subbasin is bordered on the north and west by the consolidated 
rocks of the Albion Rangt-, on the south by the Yost-Almo ground-water subbasin, and on  
the east by the western extent o f  the lower and middle units o r  the Salt Lake Formation. 
Within the alluvium-filleti gap wliere Cassia Creek crosses the Cotterell Range, the subbasin 
boundary is common with the boundary of the Raft River valley subbasin. 

Thickness and Extent of the Water-Bearing Rocks 

Tlle upper  nit of the Salt Lake Formation and the combined alluvium and Raft 
Formation, with the interbedded basalt, constitute the main water-bearing units in the Raft 
River basin. The exact thickness of these units cannot be determined from existing data and 
well logs, but  the thickness can be approximated in most areas. Few wells penetrate the full 
thickness of the units, and well distribution is insufficient to provide areal coverage. Also, 
the lithology of the units is so similar that,  except for the basalt, drillers are not able t o  
recognize the depth a t  which each is encountered. 

Certain features allow, however, general interpretations of the regional distribution and 
thickness of the units. The upper unit of the Salt Lake Formation contains white sand that 
is distinctive when drilled. Also, this unit contains a much greater proportion of glassy 
volcanic material than occurs in the younger deposits. This unit was deposited before the 
regional mountain and valley system was well developed, and the sediments were derived 
from different rocks than were those of the younger deposits. 

The Raft Formation and the alluvium are virtu;~lly i n d ~ s t i n p u ~ h a h l ~  in the subsurface 
because the alluvium is only the continuation in time of the basin-filling alluviation that 
began at the beginning of Raft Formation time. I t  is obvious that there is modern alluvium 
along the stream channels, on the flood plains, and forming alluvial fans and aprons along 
the mountain fronts, and that this is younger than the age assigned t o  the Raft Formation. 
However, there is no distinguishable break in lithology, stratigraphy, or  mode of deposition. 
For purposes of this report, the combined alluvium, Raft Formation, and interbedded basalt 
are differentiated areally only on the basis of apparent differences in permeability. The 
thickness of the total unit is estimated, and the thickness and distribution of the most 
permeable part of the unit is identified. 



Figure 8 shows maps of the estimated thickness and distribution of the units based on 
the above concepts, and on regional structural conditions and the history of deposition of 
the units. Only the area of the Raft River vdley ground-water subbasin is shown because 
there are even fewer data for the other subbasins. The Elba subbasin apparently contains 
moderately thick alluvium. The outflow channel of Cassia Creek across the Cotterell Range 
is believed to be floored only with alluvium. 

The Yost-Almo subbasin probably contains major thicknesses of all the water-bearing 
units except basalt. In the northern part nf the subbasin, north of Reed Spring and east of 
Almo, the water-bearing deposits are mainly alluvium. Between Reed Spring and The 
Narrows, however, all the units are believed present and the aggregate thickness may be 
several hundred feet, as indicated by a few wells. 

There are no deep wells in the vicinity of The Narrows and the extent of water-beating 
units there is unknown. However, the topographic gap through which the Raft River flows is 
very narrow, and it is not reasonable to  assume that the alluvial fill in the gap is sufficiently 
thick or permeable to transmit the total estimated underflow from the Yost-Alma 
ground-water subbasin. A cross-sectional area at least 1 mile wide and several hundred feet 
thick would be required to transmit the estimated underflow under the indicated existing 
gradient through materials of reasonable permeability. Such a large cross section does not 
exist in the area of The Narrows unless one considers the following: 

I. The southern end of the Cotterell Range is either terminated by a large normal fault 
that displaces the middle unit of the Salt Lake Formation downward on the south, or it is 
terminated by a deep erosional trough. 

2. The northern extent of the lower unit of the Salt Lake Formation south of The 
Narrows (fig. 1) is either terminated by a large normal fault that displaces the ~ m i t  
downward on the north, or it is deeply eroded. 

3. The large exposed mass of the middle unit of Salt Lake Forniation south of The 
Narrows is a landslide mass resting on deep, permeable fill in the down-faulted or decply 
eroded gap. 

Altemativcs to these possibilities would be difficult to  accept. One would be that the 
middle and lower units of the Salt Lake Formation are much more permeable at depth there 
than mywhere known, thus nllowing the estimated underflow to occur through those units. 
Another would be that the quantity of underflow from the Yost-Aho subbasin estimated 
in this report is far too large. 

Whatever the actual extent and distribution of water-bearing units in the area of The 
Narrows, the interpretation used throughout the remainder of this report is that of a d w p ,  
permeable cross section in a wide, erosional trough sufficient in area to transmit the 



estimated qiiniitity of underflow at the prt.v;iiling gr;iiiiciii. 

In general, tlie combinctl thizltness of basalt, aiI:iviiini, and Raft Formation ranges 
from zero along the iou iher i~  and easieini inargins o r  :lie Raft River valley subbasin, t o  a 
maximum ihickness of about 1.000 feet in rile northwestern part of the subbasin. The  upper 
unit of the Salt Lake F o r ~ ~ i a t i o n  also thickens westward from zero along thc southern and 
eastern margins of the subb;isiri. but the maximum thickness along thc western margin of 
the basin is probably about SO0 feet (fig. 8). Within the iindcrflow section of The Narrows. 
tlie combined thickness of'o!luvi;il deposits and Raft Formation probably ranges from about 
300  to  about 600 fcct; tlic uppcr unit of th!? Salt Lake Formation possibly from about 300  
to  500 feet. 

WATER YIELD OF THE BASIN 

One of the primary objectives of the study is to  refine the estimate of water yield in 
view of uew devclopmcnt in tlie basin, lotiger pcriods of record available for computations, 
and additional data coliectetl specifically for tile purpose. Water yield, as used throughout 
t i  r r .  is the total quantity of tlie average annual water input to the basin that is 

available for use by man, either flowing in surface channels or  moving through the 
formations undergrouiid. Water yield, therefore, is the total long-term input (precipitation) 
minus the total long-term average annual quantity evaporated a t  the surface and transpired 
by native vegetation (natural evapotranspiration) prior t o  the water becoming streamflow or  
a part of the ground-water body. In this sense, water transpired by native riparian vegetation 
after it has become a part of streamflow or  the ground-water body is not  considered in 
calculating water yield. 

Swcrai iiiethucis aic L U I I ~ I I I U I I ~ ~  used tu c\tiulaie wiitcr y~e ld ,  but I I U ~  d l  arc appl~cablc 
to a given area. Wlierc the basin under study is sucli that all input to  the basin is discharged 
over an impervious bedrock lip as surface-water flow after all natural evapotranspiration 
demands have been met. then water yield may be measured directly as streamflow. Nowhere 
in the Raft River basin does such a condition exist. A t  all sites, and especially at the outflow 
area from the basin as a whole, a large amount of water moves past the measuring site as 
underflow. 

F o r  smal l  ba s in s ,  a n d  basins wherein the factors that influence natural 
evapotranspirat ion and infiltration are fairly constant, a direct relation between 
precipitation and ineastit-cd runoff often provides a close estimate of water yield. However, 
bccausc of the largt size of ihe Raft River basin. the grcat variation in factors controlling 
evapotranspiration and infiltration, and tlie scarcity of direct-runoff data, this method is not  
a p p l i c a b l e .  T h e  dil ' l ' icully in developing a useful index of water yield from 
precipitation-riinoff data is illustsated in figure 9. 



ESTIMATED AVERAGE ANNUAL STREAM RUNOFF, I N  I N C H E S .  

FIGURE 9.- Comparison between streamflow and precipitation. 

The data indicate that a family of precipitation-runoff curves is needed to  represent the 
actual situations in the different subbasins. The difference between precipitation and runoff 
in each subbasin, consisting of natural water losses by evapotranspiration and deep 
percolation which goes to  recharge the ground-water bodies, is highly variable. For example, 
in the Sublett Creek drainage area, the average precipitation is fairly high, about 22.5 inches 
annually, and the runoff is only about 1.2 inches annually, whereas on the Rice Creek 
drainage basin, tributary to Clear Creek near Naf, the average precipitation is about 22.8 
inches and the runoff is about 5.1 inches annually. 

A third method, and the one most applicable to  the Raft River basin, permits 
estimation of water yield as the difference between precipitation and the sum of all factors 
that make up actual evapotranspiration. The basic method is similar to  that applied by all 
previous workers, particularly Nace and others (1961). As defined in this study, the method 
is quite different in application and results. Additional data and longer periods of record 
have become available since 1961, and these are applied t o  an entirely independent 
computation procedure, from which a new figure for water yield is derived. 



PREVIOUS ESTIMATES 

Tlle first estimate of average annual water yield o f  the Raft River basin was 183,600 
acre-feet, made by Nace and othixs (1951, p. 31) in 195.5. In deriving this estimate, total 
precipitation was computed from an isohyetal map based on an altitude-precipitation 
relation developed by W. B. Langbein and K .  k. Nace, and riatural water losses were 
computed by a procedure deveioped by W .  B. Larrgbein. From these relarions, an 
altitude-annual water yield graph for each of three major divisions of the basin was 
developed, and from ihesc a map was prepared showing estimated water yield over thz 
basin. By summation of the water yield of selected altitude ranges, the total water yield was 
calculated. 

Tire author\ of thc iL161 report clearly recognized a scarcity of' data on which to base 
calculations and estimates, yet showed that the water-yieid estimate was credible but 
probably not accurate everywhere. 

A second estimate was made in 1960 by Mundorff and Sisco (1963, p. 14). By use of a 
precipitation-water yield relation developed for areas surrounding the Snake River Plain 
(Mundorff, Crosthwaite, and Kilbum, 1964, p. 43-46), Mundorff and Sisco estimated an 
average annual water. yield of 320,000 acre-feet, nearly double that of Nace and others. 
There is some uncertainty about the equivalence of the definition of the term "water-yield" 
as used in these two reports; nevertheless, there remains a wide divergence between 
estimates. This divergence is reflected also in all other estimates relating t o  the distribution 
of the yield and quantities of water throughout the basin. 

PRESENT ESTIMATE 

The difference between the present estimate of water yield and previous estimates 
results largely from more and longer records of precipitation, a new estimate of 
precipitation distribution (fig. 2 ) ;  and further refinement of estimates of yield from areas of 
low precipitation. Because the earlier estimates were so greatly different - 184,000 acre-feet 
versus 320,000 acre-feet -- a third, completely independent estimate was made in an 
attempt to resolve the difference and gain a figure for use in later computations of water 
availability and distributiori. 

All methods of estimating water yield are subject to  large errors in the estimation of 
t h e  n u m e r o u s  variables t h a t  in f luence  p r e c i p i t a t i o n  distribution, potential 
evapotranspiration, soil-moisture retention, deep precolation, and runoff. None of the 
methods provide more than gross approximations, at best, but a method based on 
evaporation from a free water surface, on soil-moisture content, and on precipitation 
distribution appears to  lend itself to  conditions in the basin. The following procedures were 
used in developing values for application of this method: 



Average monthly values of precipitation, potential evapotranspiration, and available 
soil-moisture accumulation or depletion are needed to  compute annual watcr yield. These 
values are needed throughout the basin, at representative locations relative to altitude, 
exposure, wind conditions, soil characteris'tics, and regional storm patterns so that the 
computed water-yielddistribution map wiU be representative of the basin as a whole. 

Monthly precipitation data are available at only a few localities within or near the 
basin, all at low altitudes. Consequently, monthly values for other locations in the basin 
must be extrapolated from these data, from the isohyetal map (fig. 2), and from empirical 
factors developed as best-fit values from trial and error procedures that yield known total 
annual precipitation at selected altitudes. The factors must also meet the test of reasonable 
fit with data from stations elsewhere in southern Idaho that show that the relative 
proportion of precipitation in winter months increases rapidly with increased altitude. 
Figure 10 contains curves for computational factors by months. To apply the procedure, the 
desired site for determining average monthly precipitation is chosen, and the average annual 
precipitation and altitude for that site are read from figure 2. If the site is in the southern 
part of the basin, the average monthly precipitation base data for the recording stations at 
Strevell and Oakley, Idaho, and Park City, Utah, are computed, adjusted for snow, and 
tabulated by months, as follows: 

P r e c i p i t a t i o n  i n  s o u t h  end of ba s in  

Se l ec t ed  s i t e  
S t r e v e l l - P a r k  Val ley  F a c t o r  (7,000 f t )  

( i nches )  ( inches )  

January 
February 
March 
A p r i l  

May 
June 
J u l y  
August 

September 
October 
November 
December 

Average annua l  
p r e c i p i t a t i o n  10.76 18.81 
( i nches )  



FACTOR 
(To be multiplied by base data to obtain 

monthly values at  selected sites) 

FIGURE 10.- Empirical curves for computation of average 
monthly precipitation at ungaged sites. 

In the example used, the selected site at 7,000 feet altitude received about 19 inches of 
precipitation. The factor by which each monthly base value is multiplied is read from figure 
10 by entering at or near the 7,000-foot level, reading across to the appropriate month, then 
down to the factor required. The computed monthly values are then tabulated and totaled. 
The altitude shown in figure 10 is approximate since precipitation has been adjusted to 
show effects of exposure, location, interpreted snow conditions or any known factor that 
might influence total precipitation, and consequently will not correlate exactly with altitude 
in any given portion of the study area. 



For the northern and extreme western parts of the basin (and the area of the Sublett 
Range), the base value for average monthly precipitation was computed from stations at 
Malta, Albion, Oakley, and Minidoka Dam. The data are as follows, and the computation of 
monthly values for selected sites is the same as described above. 

P r e c i p i t a t i o n  i n  n o r t h  end of b a s i n  and S u b l e t t  Range 

Se lec ted  s i te  
Malta-Minidoka F a c t o r  (6,500 f t )  

( i nches )  ( inches)  

January 
February 
March 
A p r i l  

May 
June 
J u l y  
August 

September 
October 
November 
December 

Average annual  
p r e c i p i t a t i o n  10.56 16.2.9 
( inches)  

From this procedure, the average monthly precipitation was estimated for a large 
number of sites throughout the basin, then average monthly potential evapotranspiration 
was estimated for those sites. 

Average monthly potential evapotranspiration was estimated by use of evaporation 
data from Minidoka Dam, a computation procedure modified from Rohwer (19311, and a 
series of assumptions, extrapolations, and adjustments. The Rohwer procedure is based on 
an equation for evaporation from a reservoir, and it was assumed the equation would apply 
to any site within the Raft River basin. The equation follows: 



E = Evaporatioti in inches pe r  24 hours  

B = Mean harotneter,  in inclies o f  mercury a t  3 1 0  F 

W = Mean vclocity o f  ground wind o r  water-surface wind in miles per 
Iiour (mcasurcd a t  6 inches above ground o r  wa te r  surface) 

e, = Mean vapor pressure o f  satur;itcd vapor  a t  tlie tcmpcraturc  o f  t l ~ e  
watcr surface 

q= M w n  vapor pressure o f  saturated air a t  the  tempcrdture  o f  the  
dew m i n t  

T h e  constant  0 .77 1 is a coefficient  relating pan evaporation t o  reservoir 
evaporation.  

It is assunicd that  potential  evapotranspiratioti a t  any site is t h e  a m o u n t  tha t  would  
ev:,porate Froni a frcc-water surf'ace. o r  tha t  would evaporate and transpire f rom completely 
s ;~ tu ra t cd  g round ,  TIICI-cforc. evaporation f rom Lake Wnlcott above Minidok:~ Dam is 
assumed t o  be dircctly comparable  t o  potential  evapotranspiration within the basin. Data 
arc  ;rv;iil;~blc Sot- p;tii cv; ip i~r ;~t inn.  wind velocities. bnronietric pressure. and relative l i ~ ~ m i d i t y  
a t  o r  ncar Minidoka Dam. F r o m  these da ta ,  t h e  average month ly  potential  
ev;~~>otralispiral iolr  at t h e  vicinity of Lake Walcott may be  compi~ tec i .  Using the  Minidoka 
d .  , I ~ , I  . ~ ~ i i i l  . co~npu ta t io t i s  as an  e x a n ~ p l e ,  the  procedure ~ t s e d  t o  derive values a t  otlicr localities 
may he explained a \  Sollows: 

I .  U;tronwtric pressure i \  a fittiction o f  al t i tude and ,  cxccpt  fo r  diurnal  and 
stt>riii-rcl;ltetl variations, is relatively constant  for any given a l t i tude .  Avcragc daily valices 
niay be ob tn i t~cd  Srrm publislied tables. Tlic average barornett-ic prcssicre a t  32°F (O°C) a t  
ultitudes ranging from 4 .900  feet  (Minidoka)  t o  10.000 feet (Albion Range)  varies f rom 
iiboiii 2 5 . 8 4  t o  Z O S X  iiiclics oS mercury .  ' l 'hi~s. the  factor ( 1 . 4 6 5  - 0 .0186B)  in tlie equatioli  
i \  ncarly I .  nncl ranges li-on1 0.5185 at  4 . 0 0 0  feet to 1.082 at  10.000 Iket. 

2 .  Rccortled wind velocities a t  Minidoka were converted t o  velocitics a t  6 inches abovc 
groi~l id  ;IS required by the  equa t ion .  ;ltid average nionthly va l i~es  tabula ted .  T h e  basin was 
then cubdividcd in to  sithareas based o n  average wind condi t ions  est imated f rom reports of 

wind pcrsisteiicc ;liitl intensity by local residents. field observers. and highway officials. 
Sonic  wind d;~tii were obta ined trorn local and s ta te  aviation organizations,  and f r o r  sparse 



local measurements. The exposed northern end of the basin around and south of Lake 
Walcott, and the windward side of the Sublett Range, and exposed ridge crests at high 
altitudes were assumed to  have wind conditions virtually the same as those at Minidoka. For 
these areas, the factor (0.44 + 0.0118W) ranges from about 0.8 to  0.9 during the year. 
Subareas in the southern end of the basin in the lee of ridges and mountain ranges, and in 
interior valleys are less windy than at Minidoka. For these subareas, the average monthly 
wind velocity at Minidoka was reduced arbitrarily by one-third, and the factor (0.44 + 
0.01 18W) in these subareas ranges from about 0.68 to 0.76 during the year. 

3. The final factor of the equation (es-ed) is a moisture-deficit factor related to  relative 
humidity and temperature. The mean vapor pressure of air (ed) may be expressed as the 
mean vapor pressure of saturated vapor (es) times percent relative humidity, and the factor 
may be rewritten as es - (es RH/I00), ores  ( I  - RH/100). The relative humidity is measured 
at several places in southern Idaho and is assumed to be the same at  all localities within the 
basin at a given time. This is not strictly correct, but the effect on the final estimate of 
evapotranspiration is probably negligible. 

The vapor pressure of air saturated with water vapor is a function of temperature. 
Average monthly temperature is recorded at stations such as Strevell and Minidoka, and a 
lapse rate of 3.2OF per 1,000 feet of altitude change can be shown to exist throughout the 
basin. This rate is the same as reported by Nace and others (l961), and was verified in this 
study. The saturation vapor pressure at any given altitude may thus be determined from the 
temperature and by reference to published tables. 

All factors of the equation can thus be computed for any selected site and time. Since 
the equation gives evapotranspiration per day, the results must be multiplied by days per 
month to  obtain average monthly potential evapotranspiration. For a site at 7,000 feet in 
the southern part of the basin, the average potential evapotranspiration for the month of 
June may be estimated as follows: 

= 3.91 inches 

Table 5 shows average monthly and yearly potential evapotranspiration for selected 
locations and altitudes in the basin. Similar comput%tions were made to  obtain values at all 
sites where average monthly precipitation had been e::timated. 

Water yield is the difference between precipitation and actual natural 
evapotranspiration. To obtain actual natural evapotrmspiration, it is necessary to estimate 



T a b l e  5. Average monthly and y e a r l y  p o t e n t i a l  e v a p o t r a n s p i r a t i o n ,  i n  
i n c h e s ,  a t  s e l e c t e d  a l t i t u d e s  i n  R a f t  R i v e r  b a s i n .  

Altitude (feet above  msl) > - - - .  -. - . - 

Month 4,280 4,600 5,000 6,000 7,000 8,000 9,000 10,000 
High 
wind Modera te  o r  low wind 

High Low High 
wind wind wind 

Minidoka 

J a n .  0.59 
Feb. .81 
Mar. 1.50 
Apr. 2.97 
May 4.49 
J u n e  6.1 2 
J u l y  10.30 
Aug. 9.55 
Sep t .  6.01 
Oct.  3.26 
Nov. 1.25 
Dec. .78 

Malta - 
0.51 0.48 0.42 0.37 0.32 0.33 0.28 0.29 
.65 .62 .54 .47 .41 .40 .34 .37 

1.40 1.34 1.20 1.06 .93 .99 .81 .86 
2.49 2.39 2.15 1.93 1.73 1.85 1.54 1.62 
3.64 3.49 3.16 2.85 2.56 2.74 2.30 2.45 
4.96 4.77 4.33 3.92 3.54 3.81 3.19 3.42 
8.09 7.80 7.09 6.45 5.85 6.29 5.29 5.67 
7.59 7.31 6.65 6.03 5.47 5.88 4.95 5.29 
4.70 4.51 4.09 3.70 3.34 3.52 3.00 3.16 
2.65 2.54 2.29 2.05 1.85 1.96 1.65 1.75 
1.05 1.00 .89 .78 .69 .7 1 .60 .51 
.65 .61 .54 .47 .41 .43 .35 .36 

the soil-moisture requirement (defined herein as the available waterholding capacity of the 
soil within the root zone) and relate this to average precipitation and average potential 
evapotranspiration. The soil-moisture requirement throughout the basin was estimated by 
the following procedure: 

By use of soil maps (Chugg and others, 1967) and field inspection, the entire basin was 
subdivided into units of equivalent soil-moisture requirement. A maximum requirement of 6 
inches was assigned t o  deep, well-developed soil, and a minimum of 2 inches was assigned t o  
shallow, rocky areas. The main valley bottom lands and most of the Sublett Range area were 
assigned a 6-inch requirement; the northern part of the Black Pine Range, much of Raft 
River Mountains, Junction Valley. and small areas elsewhere were assigned a 5-inch 
requirement; the southern, granitic part of the Albion Range was assigned 4 inches; a few 
mountain slopes were assigned a 3-inch requirement: and a 2-inch requirement was assigned 
t o  the Cotterell Range and its eastern flank as well as the area of basalt at the northern end 
of the basin. 

From the foregoing cstimates of average monthly precipitation, average monthly 
potential evapotranspiration, and soil-moisture requirement, it is possible t o  calculate a 
preliminary average annual water yield a t  any selected location. T o  illustrate the procedure, 
the determination of water yield for three sites in the basin is shown in the following table. 
All values are in inches. 



7,300  f t .  Raft  River Mms. 
Soi l -mois tu re  requirement 

= 5 inches  

Avail-  
P a t .  P re -  a b l e  
E.T. c i p i t a -  s o i l  Yield 

t i o n  wate r ,  
end of 

( inches )  month 

Jan .  0.35 2 .40  4 . 9 7  

Mar. 1 . 0 2  1.91 5 . 0  .89 

Apr. 

May 

June 

July 

Aug. 

Sept .  

o c t .  

NO". 

Dee. 

6 , 0 0 0  f t .  Albion Range 
s o i l - m o i s t u r e  requirement  

= 6 inches  

Avail-  
Po t .  P re -  a b l e  
E.T. c i p i f a -  s o i l  Yield 

t i o n  wate r  
end of 

( incheu)  month 

5 , 5 0 0  it. Sublerr  Range 
Sa i l -mois tu re  requirement 

= 6 inches  

Avail-  
P o t .  Pre-  able 
E . T .  c i p i r a -  s a i l  Yield 

r i m  water  
end of 

( inches )  month 

Determination of water yield for all sites in the basin could be similarly given, but  
those shown serve to  illustrate that beginning in about July of each year the monthly 
potential evapotranspiration is much greater than monthly precipitation, and soil moisture is 
depleted. By November precipitation exceeds potential evapotranspiration and the excess 
begins to  accrue t o  the soil moisture requirement. This accumulation continues through the 
winter until by about February the soil-moisture requirement is satisfied and an excess is 
available as water yield. By about April or  May the potential evapotranspiration again 
cxceeds precipitation and soil moisture begins to  be depleted. Water yield ends as soon as 
there is a soil-moisture requirement to  be satisfied. In some locations, the soil-moisture 
requirement is not satisfied during the year, and there is no yield, or a negative yield is 
indicated. 

Obviously, the values obtained by the above procedure are based on the assumption of 
uniform average annual precipitation distribution, and this does not happen in nature. There 
are times when precipitation is greatly different from the computed monthly average, and 
this greatly affects the water yield. T o  correct the preliminary water-yield values obtained 
by the above procedure, a statistical evaluation of the magnitude and frequency of yearly 
precipitation events that differ from the computed yearly average was made for all sites. The 



final es t imate  o f  average annual  water yield was made  aftcr  this  adjus tment .  

TIie statistical cvaluntion for t h e  site a t  6 .000  feet a l t i tude  in tlie Albion Range is 
prescntcd as  a n  example  of tlie procedure used t o  adjiist t h e  pre l i~ninary  water-yield 
t leternii i ial iol~ a t  all selected sites t o  a final est imated value. A t  this si tc,  the  average annual 
precipitation is 1 8 . 9 2  inches. and the  precipitat ion dur ing tlie mon ths  o f  excess 
precipitation over potential  evapotranspiration.  when  yield could occur ,  is 10 .07 inches 
(November  through March).  During this period. only  '1.59 ~ i i ~ l i , %  \%L,rt, r ~ ~ ] i t t r c d  I<) wti\t! 
evapotranspi ra t io~i  and soil-moisture recluirements, and 0 . 4 8  inch o f  yield occurred.  
Consequently, t h e  rat io 18 .9? /10 .07  is equal t o  the  ra t io  x /0 .50  and x = 18 inches, tlie 
a ~ i n u a l  a m o u n t  of precipitation needed a t  th is  site before water yicld can occur.  

F rom a log-probability plot o f  the precipitation records a t  Idaho  C'ity and Oaklcy (fig. 
1 I ) .  it is de termined tllnt in 5 4  years o u t  o f  each 1 0 0  years, precipitat ion will exceed 18  
inclics a t  a sitc wliere the  average a i in~ia l  precipitat ion is 18 .92 inclies. T h e  records a t  Idaho  
City and Onklcy were clioscn as  being representative o f  condi t ions  in t h e  Raf t  River basin, 
and the  a<justment o f  all yicld determinat ions  was made  f rom this 111-obability relatioiislrip. 
F r o m  this prohahilily p lo t .  ti table was made a n d  curve d rawn  (fig. I ? )  t o  define t h e  years 
pcr 100 years when  precipitat ion will equal o r  cxcccd a given annu;ll precipitat ion.  T h e  
quant i ty  o f  water  represented by the area under  tlie curve in figure I ?  lias becn designated 
"potential  yield" and is a measure o f  the  cuniulative precipitat ion in excess o f  18 inches per 
ycar whicli can he expected each I00 years. T h e  computa t ions  fo r  est imating potential  yicld 
l'rom the  CLING are given in figure I ?  a n d  fo r  this  examplc  show a potential  yield o f  23 1 
inclics per I00 years o f  2.3 I inches pcr ycar. 

A t  the  Albion Mounta ins  sitc, water  yield dur ing average years can only occur  dur ing 
the  period November  ttirough M u c h  when precipitation averages 10.07 inclies and  b o t h  
potential  ev;rpotr;llisl~irciti<)ti and soil-moisture requirements art' sat isfied Tlicreforc,  even 
tirough sufficient precipitat ion rnay occur  dur ing any year  t o  providc a potential  watcr  yield 
o f  2 .31 inclies, actual watcl- yield can occur  only  dur ing a part  o f  the  ycar. T h e  ra t io  of 
precipitat ion ( 1 0 . 0 7  inc l~es )  during tlie November-Marcli period t o  average annual  
precipitation ( 18.92 inches) t imes potential  yield gives the  est imated long-term annual yield 
fo r  the  sitc - 1 .?3 inclies. 

'The foregoing computa t ions  t o  obta in  est imated watcr  yield were made fo r  seiccted 
sites t l iroughout tlic basin. the  values were p lot ted  o n  a m a p  o f  t h e  basin, and lines o f  equal 
water  yield were d r a w n  F r o m  tlie resulting m a p  (fig. 13 )  the long-term average annual wa te r  
yield o f  the  subareas. . i b h ; ~ ~ i i ~ \  and the  to ta l  basin was computed  by summing the  products  

m e m  walcr yicld and area hetween s~iccessive lines o f  equal watcr  yicld within each area. 
Table  0 sliows the  est imates fo r  individual subbasins and subareas. atid a total  average annual 
water yield f o r  the  basin o f  1 4 0 , 0 0 0  acre-feet .  



PERCENT OF YEARS WHEN PRECIPITATION IS LESS THAN INDICATED 

PERCENT OF YEARS WHEN INDICATED PRECIPITATION I S  EXCEEDED 

FIGURE 11.- Log probability of annual precipitation at Oakley and Idaho City, Idaho. 





T a b l e  6. E s t i m a t e d  a v e r a g e  a n n u a l  w a t e r  y i e l d  i n  K a f t  R i v e r  b a s i n .  

T h i s  r e p o r t  Nace and o t h e r s  (1961. 
t a b l e  5 )  

Suba rea  Area Water Area  Water  - ~ 

y i e l d  y i e l d  
S q u a r e  ( a c r e -  S q u a r e  ( a c r e -  

m i l e s  A c r e s  f e e t )  m i l e s  Acres  f e e t )  

Yost-Almo s u b b a s i n  411 263,040 46,000 411 263,000 77 ,000 

E lba  s u b b a s i n  99 63 ,360 22 ,600 105 67,200 27,400 

K a f t  R i v e r  Mountains 
s u b a r e a  110 70,400 17,400 ( a )  ( a )  ( a )  

Meadow Creek  s u b a r e a  79 50 ,560 7,700 81 51,800 8 ,200  

S u b l e t t  Creek  s u b a r e a  59 37 ,760 9 ,700  62 39 ,600 7,300 

H e g l a r  Creek  s u b a r e a  5 2  33,280 8 ,900  80 51,200 9 ,000 

R a f t  K ive r  v a l l e y  sub-  
area b700 448,000 27 ,700 823 526,500 '54,700 

T o t a l  1 ,510 966,400 140,000 1,562 999,500 183,600 

a I n c l u d e d  i n  R a f t  K i v e r  v a l l e y  by Nace and o t h e r s  (1961) .  

I n c l u d e s  o n l y  a p a r t  of N o r t h e r n  P l a i n s  s e c t i o n  r e p o r t e d  i n  Nace and 
o t h e r s  (1961).  

I n c l u d e s  a b o u t  600 a c r e - f e e t  from o u t s i d e  of  a r e a  u s e d  i n  t h i s  r e p o r t .  
Va lue  of  54 ,700  - 600 = 54,100 compares w i t h  27 ,700 + 17,400 = 
45,100 a c r e - f e e t  i n  t h i s  r e p o r t .  

The calculated total precipitation on which this water yield is based is only 10,000 
acre-feet per year less than that calculated by Nace and others ( 1961). The lower figure for 
water yield results, therefore, mainly from a difference in the definitions of the terms 
"water yicld" and "total evapotranspiration," as well as the manner in which 
evapotranspiration is calculated. The numerical values for water yield derived in each of the 
three reports - Nace and others (WSP 1587), Mundorff and Sisco (WSP 161 9CC).  and the 
present report - can best be compared if each value is related to the following restricted 
definitions of water yield: 

Water yield of the Raft River basin is the long-term average imconsumed part of total 
precipitation that annually flowed out o f t h e  basin when the basin was in its native state. thi. 



outflow being either as surface ruinoff or :is suhsiirfa~c outtlow 

Nace and others (1961, table 5) caicuiated tile total outflow from the basin under 
natural conditions as the sum of tile water yiclds iron1 each of seven subareas. The total, 
183,600 (rounded t o  184,000) acre-feet per year, iilcludes both surface and subsurface 
outflow. 

Mundorff and Sisco (l963, p. 13-14) applied a riinoff-precipitation relationship 
developed for drainage basins tributary tci the Snake River Plain, principally the northern 
part. From this relationship, publisiied by Mundorff, Crostiiwaite, and Kilbum (WSP 1654, 
1964, p. 4 3  and fig. 7). they cstimatcd a combined surface and subsurface outflow from the 
basin of 320,000 acre-feet per year whicli they defined as water yield. Thus, on a 
comparable basis, ilie estimate by Nace and oiiicrs is only 59 percent of the estimate by 
Mundorff and Sisco. 

In the present report, the surface outflow iiinder natural conditions is estimated t o  have 
been about 17,000 acre-feet per year. Tlie subsiirracc outflow, similarly, is estimated t o  have 
been about 83,000 acre-feet per year. Tlnus. tiic total outflow, or  water yield according t o  
the coniparative restricted definliioii, was about 100;000 acre-Sect per year. This estimate 
does not include the Northem Plains subarei! ihai  was included in the earlicr reports. Nace 
and others (table 5) show ihis subarw to yield ahoiii 1,200 acre-fect annually. Therefore, 
for comparison purposes, the estirnatt: in tlic prosent report sliould be about 101,000 
acre-feet per year. 

Tlie estimates of average ar;nu;rl water yicld o f  the Raft  River basin, based on  the 
restricted definition coininon to ail three procedures for estimating, varies from about 
101,000 acre-feet to about 320,000 acre-kei.  Tllc estimation procedure used in the present 
report allows for a much more preciic acuxiriting of' evapotransiiiration demand in the 
lowlands tiian either of tile otliei- procedures. Also. tlic modern data allows for a more 
precise determination of tlie distribution of precipitation, both in space and time. 
Consequently, the more conservative value for water yield is considered appropriate and 
applicable. 

BLOCK SYSTEM 

All water that occurs in t i ; ~  Raft River bash  c o r n ? ~  froin rain and snow that falls 
within the basin. Prior to man's iicvelopment and use of tiit- water, part of the annual 
precipitation input to the basin was reiiirned directly l o  the atinospiisre as evaporation and 
as transpiration by native vegetation: ;, part rcplixed depleted soil moisture from which it 
was eventually either evaporated or iranspircd; a part went into ground-water storage t o  
replace that which continua1ly flowed ilcrri!iward out of the valley as ground-water 
underflow; and the remainder left the basin as strc;irnilow in the Raft River, in the valley 



areas, pumping of ground water and diversion of streamtlow for irrigation have changed the 
relative magnitude of each of these dements  of distribution of the annual input. but the 
long-term average input remains unchanged. Thus, although it is important t o  know the 
amount of input, it now is equally important to  determine the magnitude and variation in 
both time and location of the various elements of distribution of the input under existing or  
planned conditions of development and use. 

The areas of use are virtually all within the valley lowlands, so that the principal 
changes in elements of distribution of input are those of ground-water storage. and of 
surface and subsurface outflow. Surface outflow can be measured or estimated directly, bu t  
there are no  means by which quantity or  subsurface outflow and storage change can be 
measured directly and estimates must be derived by indirect methods. 

Most of the water resource available for development and use within the lowlands of 
the Raft River basin originates in the mountain and foothill areas. The following sections 
discuss the distribution and character of the surface-water runoff to, within, and from the 
central valley area, the occurrence, movement, storage changes. and discharge of  the 
ground-water. and the chemical quality of the water. 

SURFACE-WATER INFLOW AND OUTFLOW 

The largest part of the runoff in the Raft River basin is derived from the Albion and 
Goose Creek Ranges and the Raft River Mountains (fig. I). When in its natural condition, 
the Raft River maintained flow throughout its entire reach. At  present, and for decades 
past, the flow disappears in summer between Bridge and Malta. Most years the channel 
remains dry nearly t o  Yale where ground watcr enters and irrigation water pumped from 
wells drains from the nearby farms. 

Cassia Creek is the principal tributary t o  t l ~ c  Raft River. It rises in the high country 
west of Elba. and at times flows some distance beyond Malta before flow disappears as a 
result of diversions for irrigation, percolation to  ground water. and evapotranspiration. 

Almo Creek and its tributaries. which collcct thc drainage from the high country 
west and north of Almo, generally flow lo  join tllc Raft River except near the end of 
summer. 

The  drainage from the Raft River Mountains principally George. Johnson. Onemile, 
and Clear Creeks - formerly joined the Raft River during nearly every spring season of high 
runoff (Bartlett. 1906). Currently, because of diversions for irrigation, flow in Johnson and 
George Creeks reaches the Raft River only during part of the year. and the flow of Clear and 
Onemile Creeks reachcs the river only during flood or occasional severe thunderstorm runoff 
periods. 



Surface runoff does not reach the Raft River from the Black Pine and Sublett Ranges 
except locally after heavy storms. nor has it since settlement of the valley in the 1870's. 
Meadow Creek is a minor intermittent stream that drains a small basin between the Black 
Pine and Sublett Ranges. Sublett Crcek drains the central western part of the Sublett Range, 
and Heglar Creek drains the northwcstcrn part. 

Because streamflow in some tributaries reaches the river only infrequently, if ever, the 
large Raft River valley subbasin is further subdivided into the Raft River Mountains, 
Meadow Creek, Sublett, and Heglar Creek subareas. 

Runoff 

Only a part of the water yield of the Raft River basin appears in streams as measured 
surface-water runoff, and the quantity has become less with time as increased use was made 
of water in the basin. Lowering of ground-water levels has provided greater opportunity for 
recharge through precolation of streamflow, and direct diversion for irrigation has 
diminished runoff in many parts of the basin. Measurements of runoff from the various 
subdivisions of the basin under natural conditions do  not exist, and the long-term average 
streamflow must be estimated and adjusted by correlation with long-term records outside 
the basin, or  with precipitation records. 

The few records of sircamflow that have been made are widely scattered and 
discontinuous. None is complete for thc 30-year nornlal period 1931-60. Also, all gaging 
stations were unavoidably placed where a large component of the water yield of the area 
above the gage moved past the site as underflow. Conscquently, measured runoff from the 
various subbasins and subareas can be considered only as an indicator of the minimum yield 
from the gaged arca. 

Caging stations were in operation at the start of' the study at Peterson Ranch near 
Bridge on the Raft River, Clcar Creek near Naf, and George Creek near Yost. These stations 
were continued and additional continuous-record stations were installed on Cassia Creek 
above Stinson Creek, near Elba, and on Sublett Creek at Sublett Campground, near Sublett. 
T o  supplement data from those stations and t o  provide a basis for estimating runoff from 
peripheral tributary drainages, 18 partial-record stations were established covering most of 
the smaller drainages. Tire location o f  all measurement sites is shown in figure 13. 

Short-term records of runoff reflect wide variations in both annual and short-term 
climatic elements - principally precipitation. I t  is therefore necessary to adjust the 
short-tern1 records t o  a common average, or  normal period, before they can be meaningfully 
related to similarly adjusted precipitation and water-yield computations. 

Adjustment of the short-term and fragmentary records t o  the 30-year normal period 
193 1-60 was made by correlation, mudl  of which is sufficiently tenuous that large probable 



error in the estimated long-term average ruimff at some sites must be recognized. The record 
for the station at I'eterson Ranclr. near Bridgc. being the longest and best record in the 
basin, was extended t o  the 30-year average by correlation with a continuous record for 
Trapper Creck near Oaklcy west of l?ie K a r i  River basin. Records for Edwards Creek near 
Almo, Cassia Creek above Stiiison Creek. incar Elhzi, and Stinson Creek near Elba wcre also 
correlated with the record of Trappci- Creek near Oaklcy. Records for Clyde Creek and 
Cottonwood Creck were then correlated wit?] tlic cctrnputcti record for Cassia Creek. 

The record for the station Raft Rivcl- near Yosi (Upper Narrows) was correlated with 
Raft River at Peterson Ranch. near Bridge. tlrcn the rccord for Circle Creek tiear Almo was 
correlated with that For Raft River nixr Y w t ,  Pi-ccipitntion records at Strevell and at Park 
Valley, Utali. soilti1 of tile Raft River Moiirit:iiiis. wcre uscd to extend tlie Clear Creek 
record, then the records for (korgc  ('reek i-icar- Yost. Onemile Creek near Naf, Rice Creek 
near Naf. and Keisaw Canyon wci-e corrclat.etl with that for Clcar Creek. The records of 
Johnson Creek near Yost and Dl-y Creck near Elha correlated well with the George Creek 
record 

The runoff records of tribiitari.cs draining t!ic Sublett and Black Pine ranges do  not  
correlate with any long-tci-ni recoriis. Except for Wann Creek, whic11 is spring-fed and for 
which ;I 30-year average was not compiited, all the measured tributaries l'roin these ranges 
had very fragmentruy records offlow iiiii-ing thc study pcriod. These records were extended 
to  the 30-year average on tile basis ot' precipil;itioii rccorils. 

The nieast.ircd ;ind estiniaicd strciiiiiflow rclated data at gaged sites in the Raft 
River basin are given in tablc 7 .  '1':ible X gives data ohtaii-~cii from crest-stage gages and 
miscellaneous measuring sites where only short-lerin rccordi were collected. 

Nearly all surface-water runoiF occurs i n  tire priricipal streams of tlie subdivisions 
outside the Raf t  River valley siibtxisiii. Some riiiwff occurs at tinics from thc n?ountain 
fronts on llic eastern and wcstcrri sides 01' !lie cciilrai valley. but thc arno~ints are small and 
How occurs only for short periods. Tlrc int:;isiired a i ~ d  coiiipuieci surface-water runoff within 
each of the principal silbdivisioiis or tlic v;i!lcy. ;idjusted to  tile 30-year pcriod. is given in 
tablc 9 and is dcscribed i n  tiic following scctioils. 

Elha subbasin. Tiic esti~natcil aiinii;il long-lci-iir avcragc surfa~.c-water inflow from the 
principal strcanis tributary t o  H h a  subhasin is about 12.500 acre-fect. There is no evidence 
that tliis inflow has been either iiie;isiirni~ly incrcascd or decreased due t o  development by 
man in the subbasin. 

Five tributary creeks -- Cassia. Stiiison. Dry. Clyde, and Cottonwood provide the 
principal input to  the siibbasiii, but short-tcrin records near the mouth of tlic subbasin 



Table  7 .  Yearly r u n o f f ,  i n  a c r e - f e e t ,  a t  gaging s t a t i o n s  i n  t h e  R a f t  River b a s i n . a  
(Area of d r a i n a g e  b a s i n  above s t a t i o n ,  i n  s q u a r e  m i l e s ,  i s  g i v e n  i n  p a r e n t h e s e s . )  

George R a f t  River  R a f t  C l e a r  C a s s i a  Creek C a s s i a  C a s s i a  S u b l e t t  Creek 
Creek a t  Pe te r son  River  Creek above S t i n s o n  Creek Creek a t  S u b l e t t  

Water nea r  Ranch, nea r  n e a r  n e a r  Creek, nea r  nea r  nea r  campground, 
y e a r  Yost Bridge Bridge Naf Elba  Elba Conant nea r  S u b l e t t  

(7.84) (412) (505) (20.2)  (7 .2)  (84) (104) (24)  

a  Compiled from published d a t a .  
b  Record e s t i m a t e d  f o r  p a r t  of y e a r .  



T a b l e  8 .  Monthly and y e a r l y  s t reamf low a t  p a r t i a l - r e c o r d  s i t e s  i n  t h e  R a f t  R iver  b a s i n . a  
( ~ ~ n t h l y  v a l u e s  and a n n u a l  t o t a l s  a r e  i n  a c r e - f e e = .  r u n o f f  i r  a n n u a l  inches  p e r  s q u a r e  m i l e s .  Area o f  d r a i n a g e  

b e a i n  above s t a t i o n ,  i n  s q u a r e  m i l e s ,  is g i v e r  i n  p a r e n t h e s e s . )  

Raf t  Edwards Johnson h e m i l e  Rice  Kelsaw F t i n s o n  Clyde Cot ton-  Lake f o r k  R a f t  
River  Creek Creek Creek Creek Canyon Creek Creek wood a b o v e s u b -  River  

Year  Month near near near near near near near near Creek l e t t  Res- near 
Yost Almo Yost S tendrod  Nef S t r e v e l l  Elba Elba n e a r  e r v o i r .  Yale 

(146) (3.9)  (14 .4 )  (7.84)  (2 .31)  (6 .52)  (4 .5 )  ( 6 . 4 )  Elba n e a r s u b -  (1.510) 
(7 .2 )  l e t t  (14.5)  

1964 October  b198 d38 e65 f 4 6  f16  
November 227 54 6 3  45 1 5  
December 529 123 90 60  17 

1965 January  879 135 111 59 16 
February  1 , 0 1 0  141 87 56 16 
March 784 133 107 55 17 
A p r i l  1 ,200  310 343 95 55 30 
MaY b2,010 d579 e588 f306  €237 61 
J u n e  1 , 5 6 0  307 1 .020  778 601  72 595 655 134 149 
J u l v  754 173 418 320 123 28 246 285 138 126 
August 467 86 180 121 40 7 141 172 135 111 
September 386 71 119 66 24 2 125 8 3  120 8 3  
T o t a l  b l 0 , 4 7 0  d2 ,150  c3.190 f 2 , 0 1 0  €1 ,170  
R u n o f f , ~ n .  b1.34 d10 .34  e4 .15  f 4 . 8 1  f 9 . 5 0  

1965 October  416 6 8  106 6 1  20 0 33  123 74 107 123 
November 458 64  7 6 6 5  18  0 38 107 101  106 146 
December 415 52 56 5 8  15 0 37 129 117 100 231 

1966 January 
February  
March 
A p r i l  
May 
June  
J u l y  
August 
September 
Tnla l  ...-. 
R u n o f f , i n .  0 .65  3.18 2.25 2 . 1 5  4.60 0 . 0 2  3.64 5 . 3 5  4.39 1 . 4 9  0.030 

1966 October  190 22 4 4  33 11 0 44 37 34 89 6 1 
November 305 2 1 52 31 1 2  0 55 60  27 86 110 
December 443 18  55 21 13 0 6 1  74 31 5 8  181 

1967 January  385 30 7 1 32 12 0 6 1 111 34 85  215 
February 369 25 54  28  12 0 51  150 67 86 165 
March 501 40 71 35 1 3  0 89 258 221 99 132 
A p r i l  622 59 LO5 34 15 0 101 363 238 101 134 
WY 670 130 707 200 175 8 6  555 547 369 117 148 
June  738 130 745 668 503 149 6 84 619 601  118 68 
J u l y  252 77 281 152 52 52 215 246 252 95 43 
August 122 49 144 88 37 3 49 55 37 74 6 8  
September 149 45 120 78 29 0 39 42 24 66 65 
T o t a l  ~ 4 , 7 5 0  c646 ~ 2 , 4 5 0  c1 .400  c l . 0 2 0  c290 c2.014 c2.562 c l . 5 3 5  c l  114 c1 .390  
~~,,~ff,i , , .  cO.61 c 3 . 1 1  c 3 . 1 9  c 3 . 3 5  c8 .28  c 0 . 8 3  c8.39 "7 .51  "5.04 c1 .40  c0 .017  

C i r c l e  Creek near Almo, d r a i n a g e  area 7 . 5  squa re  m i l e s ,  had a t o t a l  s t r eamf low f o r  w a t e r  y e a r s  1965-67 o f  
630,  282, a n d  260 a c r e - f e e t ,  r e s p e c t i v e l y ,  and a r u n o f f  of 1 . 5 7 ,  0 .71 ,  a n d  0 . 6 0  ennual i n c h e s  p e r  square 
m i l e  For each  y e a r .  

Zero f low was observed  each  month b e g i n n i n g  v i t h  August 1965 a t  t h e  s t a t i o n  on  Meadow Creek near S u b l e t t ,  
d r a i n a g e  area  36 .8  s q u a r e  m i l e s .  

m y  Creek n e a r  Eibs.  d r a i n a g e  area 9 . 2  square m i l e s ,  had an  a v e r a g e  e t reamf low and r u n o f f  f a r  t h e  1565-67 water 
y e a r s  of 6 , 5 2 0  a c r e - f e e t  and 13 .28  a n n u a l  i n c h e s ,  r e s p e c t i v e l y .  

Warm Creek  n e a r  S u b l e t t  ( s p r i n g - f e d )  had a t o t a l  s t r e a m f l o w  of 2,570 a c r e - f e e t  f o r  w a t e r  year  1966 and 2 .390  
acre-feet Far w a r e r  y e a r  1967.  

a Values l o t  p r e v i o u s l y  p u b l i s h e d ;  based o n  c o r r e l a t i o n  wich p r e c i p i r a r i o n  records  and c n n t i n u o u s - r e c o r d  
s i reamf low s t a t i o n s .  

b  Runoff f o r  October  1564 t o  Nay 1965 e s t i m a t e d ;  based on comparison w i t h  r e c o r d  o f  Raf t  River st P e t e r s o n  
Ranch, near Rr idge .  

c Runoff f o r  September 1967 e s t i m a t e d .  
d  Es t imated  r u n o f f  for October  1964 t o  Nay 1965, based  on comparison w i t h  r e c o r d  ac  Trapper  Creek near Oakley ,  

w e s t  o f  Raf t  River  b a s i n .  
e Est imated  r u n o f f  far October  1564 t o  Nay 1965, based on  comparison v i t h  r e c o r d  a t  George Creek near Yost .  
f ESrirnaied runoff f a r  October  1964 t o  May 1965,  based  on comparison v i t h  r e c o r d  s t  C l e a r  Creek near  Naf. 



Table 9.  Su r f ace  runoff  and r e l a t e d  d a t a  a t  gaged s i t e s ,  ad ju s t ed  t o  1931-60 average ,  
i n  t h e  Raf t  River b a s i n .  

Average 
Drainage Mean Surface  runoff  p r e c i p i -  

S t a t i o n  area a l t i t u d e  Acre- t a t i o n  
(sq. mi.) ( f e e t )  f e e t  CFS Inches ( inches)  

Elba subbas in  (Inflow) 

Cass ia  Creek above St inson  
Creek, near Elba 

S t i n son  Creek near  Elba 
Dry Creek near Elba 
Clyde Creek near Elba 
Cottonwood Creek near Elba 

S u b t o t a l s  

Yost-Almo subbas in  (Inflow) 

Ra f t  River near Yost 
C i r c l e  Creek near Almo 
Edwards Creek near Almo 
Johnson Creek near Yost 
George Creek near Yost 

Sub to t a l s  

Raf t  River v a l l e y  subbas in  (Inflow) 

Raf t  River a t  Pe terson  Ranch, 
near Bridge 

Kelsaw Canyon near S t r e v e l l  

Eas t  p a r t  Ra f t  River  Mamtains  subarea  

Onemile Creek near Standrod 
Clear  Creek nea r  Naf 
Rice  Creek nea r  Naf 

Meadow Creek suba rea  

Meadow Creek near S u b l e t t  

S u b l e t t  Creek subarea  

S u b l e t t  Creek a t  S u b l e t t  
campground, nea r  S u b l e t t  

Lake Fark above S u b l e t t  
Reservoi r ,  near S u b l e t t  

Warn Creek near S u b l e t t  

Heglar  Creek suba rea  

South Heglar Creek above 
Ind i an  Fark,  near Heglar 

I nd i an  Fork near  Heglar  
Heglar Creek t r i b u t a r y  

near Rockland 

Sub to t a l s  

Ra f t  River v a l l e y  subbas in  (Outflow) 

a Sn r ine  f e d ,  

No evidence of flow 
8-65 t o  8-67 

. - 
b Average of 1966 and 1967 wa t e r  yea r s .  
c Eetimated on t he  b a s i s  of  observa t ions  of flow o r  no f low. 
d  Estimated on t h e  b a s i s  of r e co rds  of  c r e s t - s t a g e  gage and measurements o r  obse rva t i on  of no f low. 
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indicate a large iripiit Sroiii o i i ic i  1li:iti tlicsc ~lrainngcs.  A 6-year record f rom a s ta t ion  a t  
Cassia Creek near t l b a  in (lie lower part  o f  ilic basin correlates well with t h e  long-term 
record fo r  Trapper  Crcck near 0:iklcy. Tliis correlatioti indicates an  average annual discharge 
fo r  t h e  30-year period 193  1-60 oi' ;ihoirt ! 7 . 8 0 0  ac re -ke t ,  wliicli is abou t  5 .300 acre-feet 
more  than tile ca1ciil;ited long-tern! ovcsngc iliilow o f  tlic nicasiircd tr ibutary creeks. 
Addit ionally.  a 3-ye;!? record. 1910-12,  fo r  C'assi8 C'rcek iicar C'onant suggests tliat average 
a ~ r n u a l  surface-water discliargc iroin tile Flha subbasin is a t  least 18 .000  a c r e - l e t .  Tliis 
out f iow fro111 tile siibb:isiii t o  tlii. Raft  liivci- valley subbasin is probably little, if any,  
different t i m i  bcfoi-e i r r iga i io i~  bcgxi  in the  siibbasiii. 

Yost -Almo subbasill. Tlie average long-tcriii siiri'acc-wxtcr infiuw t o  the  Yost-Allno 
subbasin From tlic pri!!cip:i! sireiims is estiniiitcd 10 be a t  lcnst 15 .200  acre-rcet. T h e  average 
annual  flow iii Alnio Creek is i i~ikiiown. litit i \  esiiiiiateii t o  be abou t  1 .000 acrc-feet. If  it is 
included.  t l ~ c  o l  Vosi-Alma s u h b i ~ s i i ~  siiiface-wolcr inflow is abou t  16 .200  a c r e - l e t  
annually.  

T h e  Yost-Aliiio siibhasin is coinposcd of t w o  principal parts:  Junc t ion  Vallcy above t h e  
Upper  Narrows, and tiic broad valley extending h-om incar Alnio  soutlicastward t o  t h e  
western end o f  the  R a f t  River M O L I I I ~ ; I ~ I ~ S  iieiii. Yost .  On ly  a b o u t  7 0  pcri'ent o f  the  es t imated 
yield o f  t h e  dr;iin;ige area above tlic Upper Nai-rows appears  :is streninllow in t h e  narrow 
bedrock canyon.  cv rn  tlioiigli a l  this point  tlic streaiiiflow appears t o  be  occurring virtilally 
in a bedrock cllannel. 

Ylie water  yield of j i i i ic l io i~  Valley determined by con~pi i ta t io i i  f rom the  water-yield 
niap is abou t  1 0 , 9 0 0  acrc-rect. o r  3 . 5 0 0  acl-c-feet riiorc than tlic 7 .400  acre-fcct derived 
f rom extcnsioii o f  tile iiieasurctl-!low r c c o r d  l f  the  coiiipiited water-yicld figure is accepted,  
tlicn it must bc  assumcd c i t i ~ e r  tliat tlierc is a i x g c  !~nt!crtlow from Junc t ion  Valley. o r  t h e  
short .  poor  rccorii o f  I'iilw iic;ir tlic i l ppc r  Narrows canno t  be  extcndcd t o  a long-term 
avertigc will1 iisciiii ricciii-dcy. o r  pt i ipo\ i . \  of this rcporl. u total  ;Ivcragc annual  
surkrcc-wuics iiiilow t o  tiic Yost-Aliiic iiihb;irli! ii i ~ t ~ i i i a t c i l  io he a b o u t  15 ,200  acre-feet. 

S u r f x c  Slow is diverted ioi irrig;itioii wiiliii! tlic siibbasiii. aiid grotitid walcr  is piirnpcd 
dur ing llic i r g i i o i  s o  1 i i i i~st  yc;irs. ('onscijiiciitly, siirf;~ci. runoff from t h e  
Yost-Aimo subhiisin to the  i < ; i l I  Kivcr vaili,y siibha\iii is v;iri;iblc and soniewlirii less than 
avcr;igc aiiniial inflow. T h e  i-cca.,ri! for Raft  K i w i  a t  k t c r s o i i  Rniici!. incar BI-idgc is indicative 
o i  tllc surface-water runoil '  froin the  siibh;isi!i. arid shows a long-term average annual 
clisciiargc of uhoiil 1 1 .600  acxc-icci. 

Beiorc irrif:;itioii hegal! 111 thc  Yoit-Ali!io s~ibbas;ri ,  tirc avcrage surface o i i t l low from 
tiit. siibbasin a t  Tlic N ~ I - r o w s  irr:i> tlic liiii'i liivi.r vallcy subbasin is cstiniated t o  liavc been 
abou t  24. i 00 acre-feet per yi,ar. T i ~ i s  cst i i i iak is tlerived by conijxiring iiverngc :!nnu;~l values 
as sliowri in the  tiihlc helow. 



Est imated average surface-water  outf low from Yost-Almo subbasina 

Surface-  Consumptive Ground- Long-term 
water u s e  wa t e r  average 

ou t  flow outflow wa te r  y i e l d  
(A) (B) (0 0 )  

N a t u r a l  
cond i t i ons  e24,100 

a A l l  va lues  a r e  i n  a c r e - f e e t  p e r  y e a r  and a r e  rounded t o  n e a r e s t  100 
a c r e - f e e t .  

b Est imated on b a s i s  of i r r i g a t e d  ac reage  and crops  grown i n  the sub-  
ba s in .  

c Computed by d i f f e r e n c e :  C = D - (A + B) 

d Computed from wa te r -y i e ld  map. 

e Compu'ted by d i f f e r e n c e :  A = D - (B  + C). 

f Est imated on b a s i s  of  roba able water u s e  by r i p a r i a n  v e g e t a t i o n  
a long  s t r e am channe ls .  

The 5-year average surface-water outflow (1910-14), based on records for Raft River 
near Bridge, was about 28,500 acre-feet. However, the years 1912, 1913, and 1914 were 
wetter than normal and the long-term average of 24,100 acre-feet is considered to  
reasonably represent flow under natural conditions. 

Raft River valley subbasin. - The Raft River valley subbasin is divided into five parts 
for convenience of discussion: The eastern part of the Raft River Mountains; Meadow 
Creek, Sublett Creek, and Heglar Creek subareas; and the large lower, main part of the Raft 
River valley subbasin. Long-term average annual inflow (1931-60) to the subbasin from the 
principal tributary streams is probably about 18,000 acre-feet from Elba subbasin; 11,600 
acre-feet from Yost-Almo subbasin; 8,400 acre-feet from the Raft River Mountains subarea; 
120 acre-feet from Kelsaw Canyon; 5,200 acre-feet from the Sublett Creek subarea; and 200 
acre-feet from the Heglar Creek subarea. Thus, the total long-term average annual 
surface-water inflow to the Raft River valley subbasin is probably about 43,500 acre-feet. 
The inflow under present-day conditions has been reduced by diversions and pumping from 
wells in Yost-Almo subbasin. This reduction may average about 12,500 acre-feet annually. 
Thus, the surface-water inflow probably was about 56,000 acre-feet annually prior to man's 
development in the basin. 



Surface Water Diversion and  Use 

T l ic rc  are n o  systc11i;itic rccords o f  diversion mil use o f  water t t o m  streams i n  thc R a f t  
K i vc r  hayin. so consumptive list o f  divi.rtt,d s t rcaml low mi ls t  bc estimated b y  indirect  
11lC;lilS. 

Over  t l ie years. v~ r t r~ ; i l l y  i r l l  tliwi-talk SIII-tce flow d u r ~ n g  the  grow ing  seahim has been 
fu l l y  ex l i lo i tcd .  B y  102X. i r r ~ g a t i w  w i t h  s t rcamt low th roughou t  most  o f  the valley occurred 
iicar ;III~ ;ilong t l ic h o t t o ~ ~ r l : ~ i i d s  where crops repI;~ci.tl native r ipar ian v e g c t e t i o ~ i  I n  addi t ion.  
s ~ w x l  t l i o i~s ,~ i i d  itere\ w t d v  the hot loml; int l \  wtis being i r r i g ~ t e d  near Y o ~ t .  and 
c o ~ i \ ~ i n i i > t i v c  use i\ i,st i in;~led to  11:lvc lheen ahout  47.000 t o  48.000 acre-feet. 

T l i c  \ t reaint low ;~vnilahlc v a r i i d  I r o m  year t o  v e x .  h i l t  t l ic  average amoun t  diverted 
and uscd prohahl! cli;liigcd h u t  l i t t l e  i i i i i i l  hc:lvy ! w i i i l > i ~ l g  heg i i~ i  i ~ h o u t  I W X  I ) ~ i ~ n p i i i g  was 
l icavii , i t  r  I i t i  I t o m  laiicis. and strcai i i f low was progrcssivcly diverted b y  
pc~-co l ;~ t i o i i  t i ,  r c p I c i ~ i \ l ~  t l ic  lowered gi-ound-water levels. A s  p u m p i n g  increased. Icss and less 
s l r c a n l t l i ~ ~ b  w ;~ i  ;iv;~iI;~hlc f o r  d ivcr \ ion t o  irr igated l l inds and i iat ivc r ipar ian vegetation u n t i l  

I)! 11)55 i w l y  ;in e.;ti~iiatcd 34.000 acre-l'cet crfsi~rf;icc wutcr  was be ing c o n s u ~ ~ i c d .  B y  1960. 
this q~ i : i i i t i t y  li;id i l c c l i n i ~ d  t o  an c\t i i i i ;~tccI 27.000 x r e - l e c t .  and b y  I1)hh therc were o n l y  a 
f'\v tr:li.t\ i r i g ; ~ t c l  by r l a c  w;~ter .  T l i c  coi is i in ipt ive ilsc o f  surface water in I 9 6 6  is 
cs t i i i ~a te i l  to li:~ve hCen o ~ l l y  ahout 70.000 a c r e - f ~ ~ t .  o r  about  a 11;11f tha t  consumed b y  
native r i j u r i a n  vcgctat ion p r i o r  t o  dcvc1i)pmcnt w i t h i n  the h a s i n  

O u t f l o w  f r o m  R a f t  K i ve r  Val ley S~tbh;l\in 



Flow out  of the basin has been me:isured only sporadically at a gage on the Raft River 
half a mile south (upstream) from Yale and just above backwater from Lake Walcott. N o  
measurements of the flow exist prior to  when irrigation began in the valley, hut to  judge 
from trends based on a few measurements, the earliest in I 9  10, the original surface outflow 
of Raft River near Yale may have been i n  the range of 16,000 to  18.000 acre-feet per year. 
For  purposes of preparation of a water budget, an avcrage discharge of 17.000 acre-feet a 
year is used. By 1928 the flow of the river at its mouth had been reduced to  about 9.000 
acre-feet per year, according t o  Stearns (1938,  p. 213). In the late 1940's and early 1950's. 
tlie flow near the niouth, though irregular from year t o  year. had been further reduced to  an 
estimated 7,000 acre-feet a year. Thc flow has continued to  decline gradually and in 1968 
was only about 1.900 acre-feet a year. O n  the basis of the above estimates. it appears likely 
that diversion and ground-water pumping have reduced the surface-water outflow by about 
15.000 acrc-feet annually, or by about 90  percent. 

GROUND WATER 

It has been calculated (table 6) that the average annual water yield of the entire Raft 
River basin is about 140.000 acre-feet, yet the part that moved into the ccntral valley area 
under native conditions as surface flow may have been only about one-third the water yield. 
Most of the remainder moved into and through the central valley as ground water. There 
was a minor contribution t o  the ground-water body each year, on the avcragc, from 
precipitation on the central valley area, and under natural conditions there were large 
demands on the ground-water body from evaporation and transpiration by native 
vegetation. Under present conditions. too, most of the ground water moves into the central 
valley from the peripheral highlands. subareas, and subbasins; moves through the permeable 
valley fill; and moves out  of the northern end of the valley - all as ground-water underflow. 
This water body is replenished each year, largely during the snowmelt period, from 
precipitation within tlie basin. It is depleted by continuous surface and subsurface drain-out 
plus an increasing amount of pumping for consumptive agricultural use during the growing 
season. Under native conditions. the replenishment, quantity in storagc, and natural 
discharge were in balance and the hydrologic system was in long-tern? cquilibriuln. The 
present-day diversions and pumping for the uses of man have upset the original equilibrium 
so that the hydrologic system is in a transient state of adjusting toward a new balance. The 
quantity of water demanded for consumptive uses is continuously increasing, and a new 
balance will not be reached until economic and physical factors act to  curtail use of the 
water. A t  that time, the water body will begin to  stabilize at a new equilibrium wherein 
replenishment will be in balance with three discharge factors: natural evapotranspiration. 
consumptive demand by man. and subsurface outflow. The magnitude of man's 
consumptive demand on the water supply during the development of the new equilibriuni 
will be represented largely by a net reduction in ground water in storage. Some will be 
reflected in reduced streamflow and some in reduced subsurface outflow. 



Occurrence of Ground Water 

Most of the ground water in the Raft River basin occurs in the upper unit of the Salt 
Lake Formation, in the Raft Formation, and in the alluvial deposits. These are the principal 
water-bearing formations or aquifers of the valley. In the consolidated rocks, penetrated by 
a few wells, a relatively minor quantity of water occurs in cracks and fractures. 

Evidence from many hundreds of wells shows that the main body of ground water in 
the Raft River basin is unconfined. Even in the formations penetrated by the deepest wells, 
the water is only semiconfined and stands in deep wells at about the same level as water in 
nearby shallow wells. 

Water under artesian pressure occurs at a few places along the margins of the lowlands. 

Several wells in the Raft River basin yield hot water under artesian pressure. Examples 
are an unnumbered well, now capped, just north of the church in Almo; well 
15s-26E-23bbl a short distance northwest of the road from Bridge to The Narrows; and 
well 15s-26E-23dd1 immediately south of the Raft River. 

Bodies of ground water of small areal extent occur locally above the true water table 
beneath parts of the lowlands during the imgation season, and some persist for several 
months afterward. These perched water bodies develop where water percolates downward 
from irrigated land and other areas of recharge, and accumulates above the water table on 
some semi-permeable layer of silty or clayey material. Cascading water in wells is indicative 
of perched water and is most common in wells in or near the bottom lands. 

Depth to Ground Water 

The depth to  ground water in the lower Raft River subbasin ranges from virtually land 
surface locally near the river to  more than 400 feet below land surface. The depth to water 
along the Raft River channel in most places is only a few feet. 

Three areas of deep ground water occur in the Raft River valley subbasin: (1) An area 
beneath the large alluvial fan bordering the Cotterell Range on the east between The 
Narrows and Cassia Creek where the depth to  water probably increases toward the west 
from about 150 to  more than 400 feet; (2) a long narrow strip beneath the alluvial fans 
along the eastern margin of the subbasin where the depth to water probably ranges from 
about 150 to  more than 300 feet; and (3) an area in the northwestern comer of the subbasin 
where the basaltic terrain rises and the depth to ground water probably increases from about 
150 to  more than 250 feet. Throughout the rest of the subbasin, and in the Elha and 
Yost-Almo subhasins, the depth to water may be equally great in small local areas, but in 
general the depth t o  ground water is less than 150 feet. Throughout the basin, the slope of 



the underlying water table is, as is normal, much flatter than the slope of the land surface. 
The varying depths to  water, therefore, reflect the differential slopes and do not imply 
occurrence of different ground-water bodies in different parts of the valleys. 

Ground-Water Recharge 

The principal areas where water enters the ground to  recharge the aquifers are near the 
mountains where streams spread out onto gravelly and pervious alluvial fans. 

Only two streams, Edwards Creek and Cassia Creek, reach the Raft River during most 
of the year. Even Clear, Onemile, George, and Johnson Creeks, which drain high basins in 
the Raft River Mountains, join the Raft River only in the spring of those years when a thick 
snowpack yields above-average runoff. Their flows are now largely diverted for irrigation on 
the gravelly and pervious soils near the mountains. 

A considerable amount of water enters the ground along the bottomlands of the Raft 
River and Cassia Creek wherever the ground-water level is below stream level. Some water 
diverted for irrigation also percolates to  the water table from unlined irrigation ditches and 
from fields. 

The average annual recharge to  the total Raft River basin prior to irrigation cannot be 
determined directly. The minimum amount, however, must have been equal to  the sum of 
subsurface outflow plus a part of the water consumed by native vegetation and by 
evaporation along the bottom lands. Stearns (1938, p. 218) estimated evapotranspiration 
from marshy areas within the main valley downstream from Bridge in 1928 to  be about 
30,000 acre-feet. In addition to  these bottom land areas, there were approximately 10 
square miles, or  6,400 acres of similar areas of evapotranspiration in Elba and Yost-Almo 
subbasins and elsewhere in the peripheral drainages. It is estimated that the total loss from 
both ground and surface water under natural conditions was about 40,000 acre-feet. 

It  has been estimated that annual surface outflow from the basin prior to irrigation 
average 16,000 to  18,000 acre-feet and that total evapotranspiration averaged about 40.000 
acre-feet annually. Consequently, because long-term annual average water yield was about 
140,000 acre-feet (table 6),  and was in balance with total discharge, the long-term average 
recharge must have been at least 82,000 to  84,000 acre-feet. Much of the water evaporated 
and transpired along the bottom lands was from areas where the ground-water level was less 
than 10 feet below land surface. Therefore, a large part of this water came from ground 
water, and it may be assumed that total recharge averaged more than 100,000 acre-feet 
annually. 

Average annual ground-water recharge to the Raft River basin from all sources, under 
1966 conditions of development, has increased since irrigation began and now may be about 



130,000 acre-feet. The increase is caused principally by diverting surface water for 
irrigation, about half of which percolates beneath the root zone to recharge ground water, 
and partly by pumping which locally has lowered water levels beneath the stream channels 
and caused increased percolation from the streams to  the underlying water table. 

Ground-Water Movement 

Viewed broadly, ground water in the Raft River basin moves from the mountains 
toward the central part of the peripheral subbasins and subareas, then into the Raft River 
valley subbasin and finally northward. At the northern end of the valley, the ground water 
moves northwestward beneath the lava plains south of the Snake River, and there joins the 
immense body of ground water in the Snake Plain aquifer. The water moves downgradient, 
and the paths of flow are essentially at right angles to the water-level contours (fig. 14). 

As the water-level contours show, the slope of the water table is steepest near the 
mountains and gradually becomes flatter toward the north. The slope of the water table is 
about 200 feet per mile near Standrod, then diminishes in the Raft River valley subbasin to  
about 25 feet per mile near Bridge, and to  about 17 feet per mile between Malta and Horse 
Butte. The slope of the water table beneath most of the lava plains south of the Snake River 
is low, at most only a few feet per mile. 

The rate of movement of ground water throughout the basin is slow, especially in the 
areas of flatter slope of the water table. Even at much steeper water-table gradients such as 
exist in and near the heavily pumped areas, the rate of movement of the ground-water body 
is only a few inches or  feet per day. As a result, the hydrologic system is slow to  adjust to  
the large pumping stresses and other consumptive demands now imposed upon it. The 
permeability of the material making up the water-bearing units largely determines the rate at 
which the water will move under existing conditions and, therefore, the rate at which the 
system adjusts to new discharge demands or to  recharge. 

Yost-Alma Subbasin 

Ground water moves from recharge areas that are along and within the Albion Range 
and Junction Valley toward the central part of Yost-Almo subbasin. Faulting and the 
occurrence at shallow depth of the poorly-permeable middle and lower units of the Salt 
Lake Formation restrict movement in the southwestern part of the subbasin, and some of 
the ground water emerges at Reed Spring. Underflow from the areas of George and Johnson 
Creeks and the creeks west of Almo moves generally toward the center of the subbasin, then 
eastward toward Raft River valley subbasin. 

The details of where and how ground water moves through the vicinity of The Narrows 
are not known. Nace and others (1961, p. 47), the only investigators to  publish analysis of 



this underflow, interpreted existing data to  indicate a "throat" discharge from the subbasin 
at The Narrows and that nearly all discharge moved through it. Their analysis, even allowing 
for consumptive use within the subbasin, and for some underflow through the Salt Lake 
Formation other than at The Narrows, was based on a gradient of 4 0  feet per mile and an 
alluvial channel-fill cross section of 500,000 square feet. This required a permeability of 
about 7,000 to  10,000 gpd per square foot to account for the computed amount of 
underflow. 

At no other location in the Raft River basin is there evidence presented in previous 
reports or developed by the current study to  indicate permeability values as great as 7,000 
to  10,000 gpd per square foot in the valley-filling sediments. Nace and others (1961, p. 96) 
suggested an average permeability of about 1,000 gpd per square foot for the upper 200 feet 
of sand and gravel in the alluvial aquifer elsewhere in the basin, and this is substantiated by 
more modern data. When one takes note of the fact that the alluvium in the filled channel at 
The Narrows had to  be, for the most part, transported across the aggrading, broad 
Yost-Almo subbasin floor to  reach The Narrows, it seems unreasonable to expect the entire 
cross section to  be uniform, coarse, well-sorted sand or gravel. Consequently, in this report, 
the average permeability of the alluvium at The Narrows is estimated not to exceed 2,000 
gpd per square foot, or about twice that of the coarser alluvial deposits elsewhere in the 
basin. It probably is much less. 

The long-term, average annual water yield of the Yost-Almo subbasin has been 
estimated to  be about 46,000 acre-feet. Consumptive use by native riparian vegetation has 
not changed significantly and is estimated to  be 5,000 acre-feel per year. Present-day 
agriculture in the subbasin consumes additionally about 12,500 acre-feet annually. 
Surface-water outflow averages 11,600 acre-feet annually under present-day conditions. 
Consequently, about 16,900 acre-feet annually cannot be accounted for and must be 
considered as ground water moving through the vicinity of The Narrows toward the Raft 
River valley subbasin. Using the same gradient and cross section as proposed by Nace and 
others (1961) and a permeability of 2.000 gpd per square foot, only about 8,500 acre-feet, 
or one half the total ground-water underflow, can move annually through the alluvium of 
The Narrows. 

Elba Subbasin 

Movement of ground water in the Elba suhbasin is largely as shallow underflow along 
and beneath the principal stream channels. There are no extensive permeable valley-filling 
deposits to  form large aquifers, and most of the yield of the subbasin discharges across the 
Cotterell Range as surface flow in Cassia Creek. The direction of ground-water movement is 
toward the valley center near Elba, then northeastward down the valley of Cassia Creek 
where the gradient is approximately 100 feet per mile. Probably no more than 600 to 800 
acre-feet of ground water moves through the alluvium of Cassia Creek valley each year from 



Elba subbasin to  the Raft River valley subbasin. 

Raft River Valley Subbasin 

In addition to the approximately 18,000 acre-feet of underflow from the Yost Almo 
and Elba subbasins, the ground-water body of the Raft River valley subbasin receives large 
amounts from the Raft River Mountains, the area around Strevell, and the Black Pine 
Range. As the ground water moves toward the center of the valley and northward, it 
continues to increase in volume through underflow from the Black Pine and Sublett Ranges, 
and through percolation of streamflow and of water applied to  lands overlying the subbasin. 
The gradient is steepest near the mountain flanks, decreasing uniformly toward the valley 
center and northward. This increasing volume and decreasing gradient reflects a greatly 
increased volume of water-bearing materials toward the north, and to  some extent may 
reflect an increase in average permeability, particularly in the basalt. 

As has been stated, the long-term average annual water yield of the entire basin is 
estimated to be 140,000 acre-feet, of which about 82,000 to  84,000 acre-feet annually was 
ground-water outflow under native conditions. It is of interest to assess the ability of the 
aquifers to  transmit this volume of ground water. 

Nace and others (1961, p. 95-96) showed by use of the equation 

Q = quantity of water, in gallons per day 

T = transmissibility, in gallons per day per foot 

I = gradient of the water table, in feet per mile 

W = cross-sectional width of the valley, in miles 

that an east-west cross section about 3 miles north of Idahome would transmit about 54,000 
acre-feet per year through the upper 200 feet of alluvial aquifer if it had an average 
permeability of 1,000 gpd per square foot, a gradient of'20 feet per mile and a width of 12 
miles. The more than 1,200 feet of less-permeable deeper materials were judged to  be 
adequate to transmit the remainder of the full estimated underflow. 

Modem well logs and new mapping show that the outflow section chosen by Nace and 
others (1961) probably averages only about 10 miles in width (fig. 1 and geologic cross 
section A-A'), but that it is fully as thick as suggested. Using the equation and values of 
84,000 acre-feet per year (75,000,000 gpd), a gradient of 20 feet per mile, and a width of 



10 miles and solving for T: 

T = 75.000.000 = 375,000 gpd per foot 
2 0 x  10 

The average thickness of the combined aquifers at this location (fig. 8) is about 1,300 
feet, consequently the average permeability needed to transmit 84,000 acre-feet per year 
through the cross section is somewhat less than 300 gpd per square foot. This value is nearly 
the same as the average permeability that may be estimated by applying known permeability 
values to the various units described in drillers' logs. It is of the same order of magnitude but 
somewhat higher than the permeability that may be derived from specific-capacity data by 
application of a procedure proposed by Theis and others (1963). Although direct 
measurements have not been made to determine average permeability throughout the basin, 
the indirect data show that the water-bearing units of the valley fill are capable of 
transmitting the estimated quantity of ground water available for movement through the 
various parts of the basin. 

Ground-Water Discharge 

Ground water is discharged from the saturated rocks of the Raft River basin in several 
ways, by far the most important of which are pumping and subsurface outflow. Springs and 
evapotranspiration draw upon the ground-water body, but their aggregate demand is small 
by comparison. 

Wells and Well Yields 

When the Raft River basin was closed to  further drilling of imgation wells in 1963, 
about 290 irrigation wells were in use in the valley. By 1966, holders of valid permits at the 
time of closing had constructed additional wells, and about 320 wells were in use. The 
majority of these wells is grouped in the northern end of the Raft River valley subbasin in T. 
11 S., with most of the remainder spread southward along the river bottom lands in Tps. 
12-15 S., Rs. 26-27 E. (fig. 15). 

The aggregate pumpage is large, but the yield of individual wells varies greatly. Many 
factors cause the variability of yield, but possibly the most important are well depth, 
method and adequacy of construction, and development after construction. The aquifer 
units also vary as to yield characteristics from one locality to  another. 

Yield alone is not a useful measure by which wells or the water-bearing properties of 
formations can be compared. For example, two wells that each yield 100 gpm, but have 
drawdowns of 5 and 50 feet, respectively, either tap formations of different water-yielding 



character and thickness or  one of them was not constructed t o  take full advantage of the 
water-yielding properties of the available aquifer. 

The specific capacity, yield in gallons per minute per foot of drawdown, is a much 
better index of the water-yielding character of the well and penetrated formation than is the 
yield alone. The specific capacity is generally determined during completion tests by well 
drillers but was determined for a large number of the wells in the valley by the authors 
specifically for use in this study. A summary of average yield and specific capacity of wells 
in the several water-bearing formations is given in the following table. 

Y i e l d s  and s p e c i f i c  c a p a c i t i e s  of w e l l s  i n  t h e  w a t e r - b e a r i n g  
f o r m a t i o n s  of t h e  R a f t  R i v e r  b a s i n .  

Y i e l d  (gpm) S p e c i f i c  c a p a c i t y  
Format ion  No. of Aver-  Median N o . o f  Aver-  Median 

t e s t s  a g e  t e s t s  a g e  

Limestone  of 
p r e - T e r t i a r y  a g e  2 1 ,485  

Upper u n i t  of t h e  
S a l t  Lake Forma- 
t i o n  18 1,520 

R a f t  Fo rma t ion  96 1 ,350 

Basalt of  Snake 
R i v e r  Group 6 2,700 

Al luv ium 2 1 984 900 13  72 68 

The aquifer thickness penetrated by wells is a major influence on the specific capacity. 
For  example, deep wells which fully penetrate a thick aquifer of ~iniformly permeable 
materials have higher speciric capacities than shallower wells which penetrate a smaller 
thickness o f  the aquifer, if wells are compared whose construction is equal and adequate. 

Water-Level Changes 

The natural fluctuations of water level in the Raft River valley are shown by 
hydrographs (fig. 15) based on measurements in two unused wells distant from irrigation. 
Well 15s-25E-6abl is a short distance north of Almo, and well 16s-27E-26bal about 7.5 
miles north of the foot of the Raft River Mountains and a mile east of Naf. The water level 
in both begins t o  rise in late winter or  early spring, crests in summer, and declines t o  a 





seasonal low in late winter. The water level begins rising earlier (in March or April) in well 
15s-25E-6ab1 north of Almo, than it does in well 16s-27E-26bal (in April-May) near Naf 
because snowmelt occurs earlier near Ahno than on the northern side of the Raft River 
Mountains. Natural fluctuations of water level in other parts of the Raft River basin, if they 
were not masked by the effects of irrigation or pumping, probably would show about the 
same pattern. However, the rise in water level would begin later in spring along the bottom 
lands of the Raft River and Cassia Creek than at sites near the mountains. 

Beneath the wide alluvial fans east of the Raft River, where the distance from streams 
which provide recharge is large, water level begins to rise much later in spring than in 
localities nearer to  sources of recharge. 

Natural water-level fluctuations closely reflect the changing amounts of recharge that 
result from differences in precipitation and runoff from year to  year. The hydrograph (fig. 
15) of well 16s-27E-26bal a mile east of Naf shows close correlation with the runoff of 
Clear Creek (Nace and others, 1961, p. 67). The water level in the well, as indicated by the 
yearly crests, rose gradually from 1947 until the early 1950's, and the runoff increased 
yearly during this time. The water level declined markedly in 1954, a year of below-average 
runoff. The water level then rose until 1958, responding to  years of above-average runoff, 
and declined in 1959 and 1960, when runoff decreased. Thereafter, the water level rose t o  a 
record high in 1965 after the 3 wet years 1963-65, and declined sharply in 1966, an 
unusually dry year. 

Most obsewation wells in the Raft River basin are located where imgation has affected 
water levels, and the hydrographs of these wells reveal several important results of irrigation. 
The water levels in areas where large amounts of water are pumped for imgation show a 
generally similar pattern of seasonal fluctuations, as is shown in the hydrograph of weil 
11s-27E-29aal (fig. 16). The water level in the well rises through winter and spring and 
reaches a peak sometime near the end of May when it begins to  decline because pumping 
begins from nearby wells. The decline continues until pumps are turned off in October or 
November, depending on the water needs of the particular year. Water level then begins a 
rise that continues through winter and spring, until pumping begins again. This rise is due 
chiefly to  water moving from surrounding areas into the cones of drawdown that 
summer-long pumping has created. This rise in water level through autumn and winter is the 
distinguishing feature of hydrographs of wells in areas of pumpage, as contrasted with 
natural water levels which normally decline through autumn and winter. 

The long-term changes of water level beneath irrigated areas in the Raft River basin 
depend on location. The water-level changes near streams capable of supplying recharge 
differ significantly from those in areas farther from sources of recharge. The hydrograph for 
well 13s-27E-30bd 1 (fig. 16) shows the water-level changes since 1948 in the bottom lands 
along the Raft River. This record reflects fairly closely the total pumping in this area, 
because the annual pumpage from the whole basin in 1948 was only about 10,000 acre-feet 





and ground-water levels apparently had not been affected appreciably. Prior t o  1948 the 
water level was still within a few feet of land surface beneath the bottom lands. The 
water-bearing formation was, therefore, nearly full beneath the bottom lands and capable of 
accepting only a small amount of recharge from the Raft River. 

The overall record from this well shows that net pumpage in this part of the valley 
exceeds local recharge during years of normal precipitation but that the water level recovers 
in wet years, due mainly to  local recharge from the river and seepage of water diverted from 
the river. Hydrographs of other wells along the Raft River bottom lands, from well 
15s-27E-19ccl northward, show the same pattern of fluctuations from the early 1950's t o  
the early 1960's, a rise during the wet years 1963-65, and then a decline. 

The hydrographs also show that recovery of the water level, in the wet years 1963-65, 
decreased north of Malta, until in well 10s-27E-35acl (fig. 17) there is no evidence of 
recovery. Recovery of water level is less toward the north because the source of recharge, 
flow in Raft River and Cassia Creek, is now nearly fully utilized to  the south. 

Beneath heavily pumped areas that are located away from principal sources of 
recharge, the ground-water level generally shows a progressive decline. The hydrographs of 
many wells show this trend, but it is illustrated especially well by the hydrograph of well 
11s-27E-29aal (fig. 16). The peaks and troughs of this hydrograph are lower each successive 
year, signifying that part of the pumped water is derived from storage. The water level 
declined 46 feet in this well from the first measurement in August 1950 to  August 1967, or  
at an average rate of 2.7 feet per year. The water level showed neither a recovery nor a 
decrease in the rate of decline during the wet years 1963-65. The average rate of decline has 
increased to  about 6 feet per year in the period 1965-67, reflecting the increasing amount of 
nearby pumping and pumping elsewhere in the valley. 

Ground-Water Pumping 

Pumping of ground water in the early years was to supplement the inadequate supplies 
of surface water. The success of wells and the coming of electrical power stimulated 
development, and irrigation with ground water spread from the bottom lands onto the 
higher alluvial fans. The discovery that ground water could be obtained almost anywhere in 
the valley led to  the present (1966) distribution of irrigated land (fig. 5). 

Ground-water pumpage in the Raft River valley is shown in figure 18 and is listed by 
township in table 10. Pumpage increased from about 8,600 acre-feet a year in 1948, the first 
year pumpage was estimated, to  about 235,000 acre-feet in 1966. Total pumpage prior to  
1948 is estimated at about 30,000 acre-feet. Total pumpage through the 1966 irrigation 
season is computed to  be about 1,600,000 acre-feet. 
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FlGURE 18.- Graphs showing pumpage in the Raft River basin 
and number of irrigation wells. 

The prime data used for computing ground-water pumpage are the kilowatts of electric 
power and therms of natural gas used by irrigation-well pumps. These data have been made 
available through the courtesy of the Raft River Electric Cooperative and the Intermountain 
Gas Company. The relation between energy consumed and acre-feet of water pumped has 
been determined by measurements at more than half the irrigation wells in the valley. The 
pumpage from other wells has been computed by applying factors developed from the 
measurements to the amount of energy consumed by individual pumps. 

Pumpage was estimated for the years 1948-55 by Nacc and others ( I96  I), for the years 
1956-60 by Mundorff and Sisco (1963), and for the years 1961-64 by H. G. Haight (1965) 
of the Idaho Department of Reclamation. Pumpage in 1965 and 1966 was computcd by the 
authors. 

The methods used by Mundorff and Sisco (1963) t o  estimate the pumpage for 1956-60 
give more acre-feet of  water pumped per unit of energy than does the method used during 



the more detailed studies by H. G. Haight and during this study. The pumpage estimated by 
Mundorff and Sisco for 1960 has been revised downward slightly in the present report to  
avoid showing an apparent slight decline in pumpage from 1960-61, when an increase in 
energy consumption occurred, and therefore, presumably in pumpage. 

Pumpage increased markedly in 1954, a dry year, and kept climbing thereafter. As 
shown by the curve of cumulative percentage of total pumpage (fig. 18), about half the total 
occurred during the years 1962-66 and a quarter in 1965-66. Pumpage climbed to 235,000 
acre-feet in 1966, an increase of 83,000 acre-feet over the previous year. This unusually 
large increase occurred because precipitation at lowland stations was only about 6 inches or 
about half of normal; upland precipitation and runoff were correspondingly low. 

Consumptive Use o f  Ground Water 

The relative proportions of pumped ground water that are evaporated or consumed by 
crops, or that percolate downward to  the water table, vary with time and place depending 
on the amounts applied, method of application, and character of the soil. Direct 
measurement of the consumptive use by crops in the Raft River basin was not made, nor 
have such measurements been reported. To estimate the quantity of ground water consumed 
by irrigation, a consumptive-use factor based on the types of crops grown is applied to total 
acres irrigated by ground water. 

The total water estimated to  be needed for maturing the types of crops grown in the 
Raft River basin (see Jensen and Criddle, 1952) is given below. The values for water 
requirements include average unavoidable evaporation. 

Consumptive water requirement, in inches, for crops in Raft River basin 

T o t a l  Average p r e c i p i t a t i o n  Consumptive 
Crop consumptive du r ing  growing season  i r r i g a t i o n  

water u s e  wa t e r  u s e  

Alfalfa 22.1 

Grass ,  p a s t u r e  20.8 

Sugar b e e t s  19.5 

Po ta toe s  18.9 

Small  g r a i n s  15.66 

Average 19.4 

18.6 

17.3 

16.0 

15.4 

13.1 

16.1 

(4 .34 f e e t )  



Precipitation during the growing season provides some moisture, and this precipitation 
is subtracted from the total consumptive water use t o  give the consumptive irrigation water 
use requirement. The precipitation during the growing season was calculated from the 
records at Malta, where the length of growing season, about I20  days, and the precipitation 
values are believed to be representative of the areas where most of the irrigation agriculture 
is concentrated. 

The procedure for determining consumptive irrigation water use does not take into 
account water that may bc stored as soil moisture from precipitation before the growing 
season. Under favorable conditions a few inches of water may be stored in the soil, thereby 
reducing the requirement for irrigation water. On the other hand, summer precipitation is 
less than 100 percent effective in supplying the needs of plants, because much summer 
precipitation only wets the uppermost part of the soil and evaporates before being used by 
crops. Moisture carried over in the soil from before the growing season is, therefore, 
assumed to balance ou t  the portion of summer precipitation which is ineffective. 

I t  is assumed that the consumptive irrigation water use of crops irrigated with surface 
water has remained relatively constant over the years at about 1.35 feet per acre annually, 
but the data on pumpage and acreage irrigated indicate that the average consumptive 
irrigation water use of crops irrigated with ground water has increased over the years. In the 
early years, consun~ptive use of ground water is assumed t o  have also averaged about 1.35 
feet per acre annually but gradually increased due to crop changes or  changing irrigation 
practices. 

For exarnplc, during the period 1948-55, the records of acres in-igated and total water 
pumped each year show that an average of about 2.25 acre-feet of water was pumped per 
acre irrigated. If the consumptive irrigation water use was 1.35 feet per acre, then 60 
percent of the applied water was consumed. Since 1955, the amount of ground water 
pumped per acre irrigated has increased, until in I964 and 1965 the average was about 2.8 
acre-feet per acre. If consun~ptive use is still considered to be 60  percent, then the indicated 
average consumptive irrigation water use is increased to 1.68 feet per acre. 

I t  may be that prior to I955 a part of the consumptive use requirement was met on 
some acreage by surface water, so the net consumptive irrigation water use was greater than 
1.35 feet per acre. Alternatively, it may be that current practices apply more water than 
necessary and that consuruptive use is less than 60  percent. For  purposes of this report. 
consumptive use of ground water is assumed to be 6 0  percent of total pumpage, and this 
value is used to compute total consumptive use in table 1 1. 
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THE WATER BUDGET 

The data from this study show that average annual precipitation input to the Raft 
River is about 1,280,000 acre-feet, and that water yield averages 140,000 acre-feet annually. 
From the definition of water yield, it is apparent that natural evapotranspiration averages 
about 1,140,000 acre-feet annually, or 89 percent of total average precipitation. Stated 
differently, only 11 percent of the average annual precipitation input to the basin is 
available as water yield; and that small amount has large natural demands against it. When 
the basin was in a natural condition, the increments of the water budget, in acre-feet, for the 
basin and its subbasins are estimated to have been as follows: 

Yost-Almo subbasin 
Water yield from Junction Valley area 

Water yield of main part of Yost-Almo subbasin 35,100 

Consumptive use by riparian vegetation 5,000 

Subtotal 5,000 46,000 

Elba subbasin 
Water yield of subbasin 

Consumptive use by riparian vegetation 5,000 

Subtotal 10,000 68,600 

Raft River Valley subbasin 
Water yield of subbasin 

Consumptive use by riparian vegetation 30,000 

Surface-water outflow 17,000 

Subsurface outflow 83,000 

Total 140,000 140,000 

As the water resources of the basin were developed and used, the elements of the 
budget in the subbasins were greatly modified until, by 1966, there existed a large 
imbalance between water yield and total discharge from the system. In the Elba subbasin, a 



small growth of consumptive use for irrigation was virtually offset by a reduction in use by 
riparian vegetation as land was cleared. Irrigated agriculture in the Yost-Almo subbasin, 
however, increased consumptive use in that subbasin to about 17,500 acre-feet so that 
outflow from the subbasin was reduced. Heavy pumping near the northern end of Raft 
River valley subbasin caused a small net reduction in water-level gradient within the 
ground-water outflow section, but the pumping depression had not been maintained long 
enough by 1966 to allow the gradient t o  adjust t o  a new equilibrium. Consequently, the 
quantity of outflow has been reduced only slightly and is estimated t o  have been about 
80,000 acre-feet in 1966. 

The amount and character of the imbalance under existing conditions in the basin are 
shown by a water budget for 1966. All values are in acre-feet. 

Water budget, 1966 - Raft River basin 

Water yield - 

Consumptive use: 
Riparian vegetation in Yost-Almo and Elba 
subbasins plus surface water diversion for 
irrigation in all subbasins 20,000 

Pumped ground water (table 1 1 )  141,000 

Surface-water outflow 1,900 

Subsurface ground-water outflow 80,000 

Total 242,900 140,000 

Imbalance (storage draft), rounded 103,000 

The approximately 103,000 acre-feet of net withdrawal from the basin in 1966 in 
excess of water yield must have come from ground water in storage. The effects of this 
depletion can be assessed by consideration of thc amount of water in storage and the 
manner in which it is distributed. 

GROUND WATER IN STORAGE 

The total volun~e of ground water in storage in the basin is unknown and cannot be 
determined practically. Estimates can be made. however, of the amount of stored ground 



water that would be yielded by gravity drainage from the various water-bearing units as the 
static water level is lowered a specified distance. For purposes of this report, it is assumed 
that the ground water of economic interest is that which is stored within the 200-foot 
interval beneath the 1966 static water level. The specific yield of the deposits in this depth 
interval is the ratio of the volume of water which the deposits will yield by gravity, after 
being saturated, to  the volume of the deposits drained. Thus, if the area of the deposits, the 
thickness drained, and their average specific yield is known, the volume of water in storage 
may be approximated. 

Figure 19 shows the estimated average specific yield of deposits within the various 
storage units of the Raft River valley subbasin, based on estimates of specific yield as 
developed in the following sections. Similar estimates have not been made for the other 
subbasins. Using the areas shown in figure 19, the indicated average specific yield, and a 
depth interval of 200 feet below the 1966 water level, or to  the top of underlying 
low-permeability deposits, whichever is less, it is estimated that about 9,000,000 acre-feet 
of ground water was stored in the 200-foot interval of the Raft River valley subbasin storage 
units in 1966. 

Specific Yield 

The average specific yield of the basic lithologic types of basin-filling sedimentary 
deposits has been determined by many investigators in numerous localities. Also, laboratory 
determination of specific yield on a large number and a broad range of samples is 
summarized in a report by Morris and Johnson (1967). Johnson (1967) has compiled 
average values for basin-filling sediments in numerous localities, and these values are herein 
accepted as representative of the water-bearing sediments of the Raft River basin. 

Estimated specific yield of water-bearing sediments in Raft River basin 

Material Range Average - 

Clay 
Silt 
Sandy clay 
Fine sand 
Medium sand 
Coarse sand 
Gravelly sand 
Fine gravel 
Medium gravel 
Coarse Gravel 



FIGURE 19.- Estimated average specific yield of water-bearing deposits in 
Raft River valley subbasin. 



To apply these values to lithologic units of the Raft River basin, it is necessary to  relate 
terns used in drillers' logs to the general lithologic classes listed and estimate where the term 
falls within each range. 

All terms used to describe the sediments reported on drillers' logs of wells in the basin 
were listed and classified according to the basic lithologic types listed above. Within this 
listing, a value for specific yield within the range for that type was assigned to each term 
according to such descriptors as uniform, dirty, mixed, clean, etc. These values were then 
averaged to obtain the estimated average specific yield for the lithologic type. Next, the 
products of estimated specific yield times the thickness for each lithologic type were 
summed, then divided by total thickness to obtain the average specific yield at that location. 
By this procedure, and by considering only the first 200 feet or less beneath the 1952 water 
level, an average specific yield of approximately 20 percent is estimated for the zone within 
which storage change had occurred as of 1966. This procedure is highly subjective and 
depends entirely on the opinion of the investigator as to what value is assigned to each 
descriptive lithologic term. Nevertheless, it provides an estimate that is comparable 
throughout the parts of the basin for which there are drillers' logs, and one that can be used 
to estimate the order of magnitude of storage change to be expected as further ground-water 
development proceeds. The estimate may be checked by computing specific yield from 
measurements of change in ground-water storage that has already occurred. 

Change in Storage 

Hydrographs of wells in the basin show that there was virtually no net change in stored 
ground water prior to about 1953 or 1954. By the beginning of 1966, however, water levels 
in the Raft River valley subbasin showed a marked net change in several localities, reflecting 
net ground-water withdrawal in excess of average recharge. This change in water levels is 
shown in figure 20 for the period between measurements made in the spring of 1952 and 
again in the spring of 1966. The figure shows that net changes of more than 50 feet 
occurred in so nr places and tha s ~ m e  net chang occurred over an area of a$proximately 
235 square miles. By measuring the areas over wl ich the various increments of change 
occurred, the volume of materials dewatered during the lrtyear period is computed to be 
slightly more than 2 million acre-fect. 

During the 14-year period, ground-water undcrflow out of the basin declined only 
about 4 percent as water levels were lowered and the outflow gradient was reduced slightly. 
The total ground-water outflow during the period is estimated to have been about 
1,150,000 acre-feet (table 11). Surface-water outflow was also decreasing progressively 
throughout the period as diversions and ground-water recharge capability increased and is 
estimated to total 50,000 acre-feet. Consumptive use of surface water within the subbasin 
declined as water levels fell beneath the areas of riparian vegetation, and opportunity 
increased for surface flows to  percolate into stream channels. For the period, consumptive 



Bore from U. S. Gcoloqrcoi Surrey 
PMol.Iio. 1954 

FIGURE 20.- Net water-level change in Raft River valley subbasin, 
spring of 1952 to spring of 1966. 



use of surface water is estimated to  have been about 410,000 acre-feet. About 1,270,000 
acre-feet of water was pumped during the period, and slightly more than 760,000 acre-feet 
of this ground water was consumptively used. Thus, total cumulative demand on the water 
resource of the basin exceeded cumulative water yield by about 410,000 acre-feet; all of 
which was derived from stored ground water. The volume removed from storage, divided by 
the volume of water-bearing materials drained, is the specific yield: 

4.1 x 1 o5 acre-feet removed from storage = approx. 20 percent 

2.01 x lo6 acre-feet of material drained 

Each of the independent procedures for estimating specific yield indicates an average 
value of about 20 percent for the water-bearing materials within the upper few tens of feet 
of the basin deposits. As water levels decline into deeper and older formations. and as 
water-level decline spreads laterally away from the more permeable units of the valley 
center, the average specific yield will become somewhat less. The analysis of the drillers' logs 
suggests that the average in the Raft Formation may be 15 percent or less, and much of the 
upper part of the Salt Lake Formation probably has an average specific yield of 10 percent 
or less. For the materials now being drained by water-level decline, and those that will be 
influenced for many years in the future, the average specific yield is estimated to be 20 
percent. 

The data indicate that ground-water storage in the Raft River valley subbasin was 
depleted by about 410,000 acre-feet as of the spring of 1966. The 1966 imgation season 
was one of exceptionally low precipitation, and an average of neady 3.4 acre-feet of water 
was pumped and applied to each acre imgated with ground water. In addition, more than 
15,000 acres were added to the area imgated with ground water over that of the previous 
year, and there was only a slight reduction in other demands on the water resource. 
Consequently, by the end of the 1966 irrigation year, an additional 103,000 acre-feet of 
ground water is estimated to have been removed from storage, for a total of about 5 13,000 
acre-feet. Figure 2 1 is a diagram that shows the distribution of water yield through the basin 
as of 1966. The upper part of the diagram shows the quantities of water derived from 
storage. The right side of the diagram shows projected water use, assuming that future total 
demand on the water-resource system will ultimately be controlled at 140,000 acre-feet and 
sufficient time elapses to allow ground-water outflow and other elements of the system to  
approach a new equilibrium. It should be noted that such a new equilibrium condition 
would require the removal from storage of a volume equivalent to the areas (A) + (B) under 
the cumes of the upper parts of the diagram. 

CHEMICAL QUALITY OF WATER 

The chemical quality of the ground water in the Raft River basin and its suitability for 
irrigation use on the soils of the basin was discussed briefly by Nace and others (1961, p. 





76). The report noted that analyses from five wells indicated that most ground water of the 
basin is generally suitable for irrigation, but that the warm water from the artesian zones has 
a high sodium hazard and is not suitable for irrigation. Mundorff and Sisco (1963, p. 13) 
noted the earlier work and reported that analyses of 19 additional samples of ground water 
showed the water to  be generally satisfactory for irrigation of most crops where applied on 
well-drained soils. 

As a part of the present investigation, water samples were collected for chemical 
analysis from 23 stations on streams, from seven springs, and from 44 wells. Conductivity 
and temperature measurements were made in the field on water from an additional 30 wells. 
Most surface-water stations were sampled more than once to provide information on 
changes in water quality with time. The general character of the water is &own in figures 22 
and 23, and the analytical data are on file in the Idaho District Office, Boise, Idaho. 

Surface Water 

Surface-water samples were collected periodically at 23 sampling stations shown in 
figure 22. The figure also shows graphically the chemical characteristics of selected surface 
waters. Electrical-conductivity measurements and the May 9, 1966 analyses of waters from 
Cottonwood Creek and Clyde Creek above Cottonwood Creek were obtained in the field. 
All other analyses were made in the laboratories of the U.S. Geological Survey. 

The streamflow in the Raft River basin may be divided into two categories, spring-fed 
base flow and direct runoff, including an unknown amount of flow which has rapidly passed 
through soil or  coarse alluvium without having been significantly delayed in transit. The 
peak flow on the smaller streams is largely direct runoff but the base flow of the perennial 
streams represents ground water which has entered surface channels through springs and 
seeps. The chemical characteristics of these two types of flow differ significantly. 

Direct Runoff 

Direct runoff in the Raft River basin contains generally less than 150 mg/l (niilligrams 
per liter) dissolved solids with calcium and bicarbonate predominating. Direct runoff 
normally flows h u t  a few miles before it enters the ground or before it becomes mixed with 
a more minct-alized ground-water inflow. 

The chemical character of direct runoff from snowinelt is illustrated by samples 
collected in May and June from Dry Creek, Almo Creek, and Stinson Creek. These waters 
contained less than 50  mg/l dissolved solids and were largely calciunl or magnesium 
bicarbonate in type; they are very sol't. 



ase Flow 

The base flow of all perennial streams in the Raft River basin is fed by springs and 
seepage. Because the Raft River alternately gains and loses water, its quality resembles that 
of the upper stratum of ground water throughout its course. In general, the base flow of all 
the perennial streams is similar in quality to  the ground water which supplies the flow. 

The Raft River was originally perennial from near the Upper Narrows to  its mouth, but 
now is intermittent from the vicinity of Bridge to  Yaie. Two stations on the Raft River, one 
at Peterson Ranch and one near Yale, were sampled at approximately 5-week intervals for 2 
years. There was remarkably little variation in quality among samplings at either station, 
indicating little admixture of direct surface runoff with the base flow at any time of the 
year. Likewise, there was little increase in dissolved-solids concentration along the more 
than 40 miles of channel between the stations. The base flow in the Raft River at Peterson 
Ranch is derived from ground water which comes to  the surface above The Narrows; but the 
mineralization increases between The Narrows and Peterson Ranch. The water is 
predominantly of the calcium and sodium chloride type (based on chemical equivalents). 
Magnesium, bicarbonate, and sulfate ions also contribute significantly to  the total mineral 
load at this station. 

Water in the Raft River near Yale is representative of shallow ground water in the 
lower end of the Raft River basin. Some of the streamflow is water returned from irrigated 
land during the summer. The water is predominantly of the sodium bicarbonate type. The 
calcium, sulfate, chloride, and fluoride concentrations are all less at Yale than at Peterson 
Ranch, but the magnesium, sodium, bicarbonate, and nitrate concentrations are greater. 

The sodium percentage and the sodium adsorption ratio are both higher in the Raft 
River water near Yale than they are at Peterson Ranch. Increases in both usually occur as 
water flows downstream and is subjected to  the effects of evapotranspiration. 

The silica concentration is significantly higher near Yale than at Peterson Ranch. Total 
water hardness is about the same at both stations, but the noncarbonate hardness found at 
Peterson Ranch is almost nonexistent at Vale. All water from the Raft River proper is very 
hard. 

Sublett Creek is spring fcd and almost uniform in flow throughout the year. Water in 
this creek and Sublett Reservoir contains a nearly constant concentration of about 380 mg/l 
dissolved solids, largely calcium, magnesiuni, and bicarbonate. The water is very hard. 

Three streams at the base of the ange are ephemeral and contain water 
only during the spring snowmelt season or immediately following heavy rains. The 
moderately high mineral content of water in these streams suggests that some of the 
snowmelt probably circulates underground before arriving at the main stream channel. The 



average dissolved-solids concentration of the water in Kelsaw Canyon was about 280 mg/l, 
that in Sixmile Canyon was about 210 mg/l, and that in Eightmile Canyon averaged about 
180 mg/l. All are strongly calcium or magnesium bicarbonate in type and are hard. 

Water in all streams on the north slope of the Raft River Mountains is similar in 
quality. Included in this group are George Creek, Onemile Creek, and Clear Creek. During 
periods of heavy snowmelt, George Creek and Clear Creek contain about 65 mg/l dissolved 
solids. During the remainder of the year, the content ranges upward to  slightly more than 
200 mg/l. Onemile Creek dissolved solids d o  not drop below about 120 mg/l, even during 
the spring runoff period. All these waters are predominantly calcium bicarbonate type with 
appreciable magnesium, sodium, and chloride. The water ranges from soft to  moderately 
hard, depending upon the season. 

Johnson Creek flow is largely derived from springs and seeps. Dissolved solids average 
more than 200 mg/l and probably are near this level throughout the year. The water is hard 
to  moderately hard. 

In the Albion Range, Cassia Creek water is relatively low in dissolved solids, increasing 
from about 120 mg/l near the headwaters t o  about 180 mg/l at Malta. There is little seasonal 
variation. The water is hard to moderately hard, and is predominantly bicarbonate in type 
with calcium accounting for 50 percent of the dissolved cations (on a chemical equivalent 
basis) and magnesium and sodium equally accounting for the remaining 50  percent. 

Clyde and Cottonwood Creeks are similar in quality to  the water of upper Cassia 
Creek. Water from Dry Creek and Stinson Creek rarely contains more than 35 mg/l dissolved 
solids. This would make these two streams unique in the Raft River basin, because all other 
streams seem to  have a base flow lontaining at lecst 120 mg/l dissolved solids. Both Dry 
Creek and Stinson Creek have very soft water. 

Edwards Creek has about 120 mg/l dissolved d i d s ,  and the water varies from soft to  
moderately harll. 

Almo Creek 1s largely fed by spnng snowmelt lvith an average mineral content of less 
than 50 mg/I. The base flow is undoubtedly somewh,tt more mrneralized. 

Mosl of the water in Circle Creek originates in springs; consequently, both flow and 
water qudity remain re1:itively constant throughout the year. Total dissolved-solids 
concentration averages about 300 mg/l and is predominantly bicarbonate. The water is hard 
to very h x d .  



Ground Water 

Chemical analyses of water from wells in the Raft River basin have been made since 
1945. The bulk of the analyses represent samples collected for the current study between 
June 1965 and September 1967. Analyses prior t o  1950 were published in Water-Supply 
Paper 1587 (Nace and others, 1961). Analyses of samples collected between 1956 and 1960 
were published in Water-Supply Paper 1619CC (Mundorff and Sisco, 1963). In figure 23 
ground-water quality is mapped according to  the approximate dissolved-solids concentration 
of water currently yielded from wells. Also shown are the dissolved chemical constituents in 
waters from selected shallow and deep wells. 

The average dissolved-solids concentration of well and spring water in the basin is 
about 750 mg/l. Most of the ground water is very hard, and the sodium adsorption ratio is 
generally low. There are, however, several notable places where ground-water quality differs 
greatly from the average. The observed dissolved solids range from 120 mg/l to  3,200 mg/l 
within short distances, depending upon the depth of the wells and location with respect t o  
the lowland areas along streams or irrigated land. For these reasons, in the Raft River valley 
subbasin, most of the area is shown in figure 23 as underlain by ground water having 
dissolved solids ranging from as low as 320 mg/l t o  more than 1,280 mg/l. 

A small zone of hot, sodium chloride type water is found southwest of Bridge. 
Dissolved solids there range up to  3,200 mg/l and the water in one deep well is at the boiling 
point. 

Water of poor quality, but non-thermal, is also found locally north of Idahome. The 
high dissolved-solids content of this water is believed to  have resulted from evaporation and 
from leaching of soils during the recycling of ground water used at least once previously for 
irrigation. 

Many of the wells in the basin yield water more than 5OC warmer than the mean 
annual air temperature of the area. Except for the area near Bridge, where deep wells tap 
hot water in the upper part of the Salt Lake Formation, hot ground waters do not seem to  
have higher than average dissolved-solids concentration, however. Most of the springs that 
yield warm water are near the base of the Sublett Range, although warm water is also found 
locally in Yost-Almo subbasin and in Elba subbasin. 

Most of the ground water now leaving the basin is believed to  contain between 500 and 
1,000 mg/l dissolved solids, but some shallow ground water, returned after use for irrigation, 
may contain 3,000 mg/l or more dissolved solids. 

Calcium carbonate (CaC03) in the form of carbonate cement or limestone is the largest 
single source of dissolved solids in the ground water. Virtually all the alluvial fill of the 
valley is believed to contain undissolved CaC03. Thus, ground water quickly becomes 



saturated with respect to CaC03. Because different ion-exchange characteristics prevail in 
the aquifers, CaC03 may alternately be precipitated and dissolved many times as ground 
water flows downgradient. 

Commercial fertilizers and other soil conditioners are a major source of sulfate and 
nitrate in the ground water of the basin, but some nitrate may be derived directly from the 
atmosphere. Chloride is derived mainly from the sedimentary deposits and weathering of the 
rocks of the basin, along with silica, potassium, iron, aluminum, manganese, boron, and 
fluoride. 

Quality Conditions Within Subbasins 

Yost-Almo subbasin. - The ground water in the Yost-Almo subbasin is virtually 
identical to  that in the southern part of the Raft River valley subbasin. The water is very 
hard, pH values range from 7 to  8, and the water has a medium salinity h a ~ a r d  according to  
the classification system of the U.S. Salinity Laboratory (1954). Water entering from 
Junction Valley is also very hard with a medium salinity hazard. 

Elba subbasin. - Ground water in the Elba subbasin is the best quality of any in the 
Raft River basin. The water is moderately hard and above Conner has a low salinity hazard. 
Downgradient of Conner, the water has a medium salinity hazard. Iron and boron are 
negligible and pH ranges from 7 to 8. Dissolved silica increases downgradient from about 15 
mg/l to  nearly 50 mg/l near Malta. 

Raft River valley subbasin. - The bulk of the ground water in the Raft River valley 
subbasin is very hard. Iron, manganese, and boron concentrations are typically very low. 
Observed pH values are between 6.9 and 8.3. Salinity levels vary greatly and several 
chemically distinct types of ground water are pumped from wells in the subbasin. Some of 
the local variations are undoubtedly due to  the return to  the water table of water used in 
irrigation. 

An extensive body of ground water in the central part of the basin along the river and 
Clear Crcek extends from near Standrod and Strevell ahnost to  the Snake River. The 
distinguishing characteristic of the ground water pumped in this area is that its 
dissolved-solids concentration ~ m g e s  from 600 l o  1,000 mg/l. I t  appears to  be closely 
related cliciiiically to surface watcr in the Raft K i ~ e r  between The Narrows and the mouth 
of the I-iv1.r. The salinity hazard of this water i:, lhigh; it has been increased by flowing 
through an area subjected to extensive evapotranspiration by native riparian vegetation 
before tfevelopment by farnring. The silica (SiOz) content ranges from 30 to  70 mg/l. 

The most extensive body of ground water of iairly uniform quality is beneath and 
within the alluvial fans extending westward from the Sublett and B l a ~ k  Pine Mountain 



ranges t o  the central valley area near the river. The distinguishing characteristic of this water 
is that it has a total dissolved-solids concentration ranging from about 320 to  500 mg/i 
(medium salinity hazard). The quality of the water found in the various springs of the area 
and in spring-fed Sublett Creek is almost identical to  the underlying ground water. Similar 
ground water occurs along the base of the Raft River Mountains extending toward the river 
and Clear Creek from Naf to  Standrod and along the east flank of the Cotterell Range 
extending from the valley margin to near the Raft River. Two wells near Heglar Canyon and 
one near Naf contained only moderately hard water, but most of the water is very hard. 
Silica content ranges from about 15 to  8 0  mg/l. 

The ground water pumped from that part of the Raft River valley subbasin beneath the 
Cassia Creek fan is similar to  the water of Cassia Creek. The shallow water generally has a 
dissolved-solids concentration of about 320 mg/l, or less, and so has only a medium salinity 
hazard. 

Thermal water flows under artesian pressure from two or three wells about 3 miles 
southwest of bridge. This sodium chloride water is moderately mineralized (1,500 to  3,200 
mg/l); consequently, its use for irrigation would involve a very high salinity hazard and a 
very high sodium hazard. 

Another local body of moderately mineralized ground water occurs in the northern 
part of the Raft River valley. Calcium is the predominant cation in this water, pumped from 
a few wells north of Idahome, so the sodium hazard for irrigation is low and the hardness is 
exceedingly high. The dissolved-solids concentration ranges from 1,500 to  3,400 mg/l so the 
salinity hazard is very high. The source of the mineralization in this area is unknown, but it 
probably is from recirculated irrigation water. Water temperature is normal for the ground 
water of the area. The dissolved-solids concentration is about the same as that in the thermal 
flowing wells previously described; however, the sodium percentage is much lower. 

There have been suggestions that some water in the Raft River valley subbasin has a 
volcanic source, or that the minerals dissolved in water from certain wells have a direct 
volcanic origin. No available data could be found to  support such a belief, and the weight of 
scientific evidence in the valley makes it seem unlikely that either water or salt in significant 
and recognizable quantities is originating from such a source. 

The northernmost segment of the Raft River valley is covered by basalt flows which 
contain some ground water that supplies a number of irrigation wells. The meager data 
available indicate that the dissolved-solids concentration in most of the ground water in the 
basalt ranges from 350 to  700 mg/l. These waters are classed as having a medium to  high 
salinity hazard. 



Change in Salt Balance 

Fimi data are not available by which to  estimate the average change in quality of the 
surface outflow from the R a f  River basin. Meager information indicates, however, that the 
surface-water outflow in 1967 contained. on the average, about 800  mg/l dissolved solids. 
This is an apparent increase in average dissolved solids, when compared to the estimated 
quality of the outflow prior to  irrigation, of as much as 200 rng/l. This apparent increase in 
recent years is almost certainly due t o  recirculating water used for  irrigation. Water from the 
fields is finding its way t o  the river from shallow ground-water flow o r  by direct runoff. 

It is virtually certain that surface outflow will decline to  nearly zero at Yale within a 
few years; that the mineralization of the water due t o  irrigation will increase; and that any 
salt removed from the system must then be by ground-water outflow. If ground-water 
outflow, in turn, is reduced, an adverse salt-balance will develop. In any case, the shallowest 
ground water will increase in dissolved solids, and locally may become too mineralized for  
reuse in irrigation. 

PERENNIAL YIELD O F  THE BASIN 

BASIC CONCEPTS 

The perennial yield of a ground-water reservoir is commonly defined as the maximum 
amount of water of usable chemical quality that can be withdrawn and consumed 
economically each year for an indefinite period of time. I f  the perennial yield is continually 
exceeded, water levels will decline until the ground-water reservoir is depleted of water of 
usable quality or  until the pumping lifts become too great to  be economical. Perennial yield 
cannot exceed the natural recharge to  an area. More importantly, the perennial yield 
ultimately is limited to  the maximum amount of natural discharge that can be economically 
salvagcd for beneficial use. 

Because the responses of the hydrologic system of a ground-water basin to  stresses 
imposed by pumping or  other developniental procedures of man are slow, a long period of 
time is required for the basin to  adjust from one steady-state condition to  another under 
different conditions. Consequently, the concept of perennial yield during the period of 
adjustment should take into account the transient-state condition. In the natural state, a 
ground-water basin is in a long-term steady-state condition, with recharge equal t o  discharge 
and no net change in amount of water in storage. When man enters the basin and begins 
consuming an annual water crop, through pumping for example, the steady-state condition 
is upset and the basin begins a slow adjustment toward a new steady state under different 
conditions of storage and discharge. During this transient-state period of adjustment. natural 
discharge plus man's consumptive demand exceed natural recharge, and the deficit is made 
up by a progressive depletion of stored water. The transient-state net draft on the basin is a 



changing quantity as all elements of the system progressively adjust toward a new steady 
state. 

If the net pumping draft is held t o  a rate about equal t o  the salvageable natural 
discharge, and if the distribution and amount of tlie draft are strategically situated so as 
eventually t o  reduce natural discharge t o  a selected lesser amount,  then the system 
eventually attains a new equilibrium o r  steady-state condition. The  basin is operating under 
a transient-state concept until it reaches the new steady-state condition. 

The amount of time required t o  make the full transition from steady state under 
natural conditions t o  the new steady state under pumping conditions is largely a function of 
the annual pumping rate, location of wells, and tlie amount  of stored water that must be 
removed t o  salvage tlie selccted quantity of natural discharge. Ordinarily, the time involved 
is measured in decades, provided that  the annual net pumping draft is at  a rate no t  greatly 
exceeding the perennial yicld. 

What has happened in the Raft River basin is typical of many ground-water basins in 
tlie west in that salvageable rlatural water losses in the fonn of evapotranspiration occur in 
all the subareas, yet the largest punipage is in tlie north end of the Raft  River valley 
subbasin where it cannot affect materially, for a very long time, the natural discharge in the 
other parts o f  the basin. This type of concentrated development commonly leads t o  a 
paradox where local overdraft occurs in one part of tlie basin while at the same time what 
appears t o  be an excess, o r  water available for development by pumping. goes unused in 
another part of the same basin. 

Based o n  the concepts outlined above, tlie perennial yield of the Raft River basin 
equals the water yicld, minus unsalvageable natural discharge, hut the transient-state net 
pumping draft  t o  date is greater than the perennial yield, and has increased annually since 
pumping first began. 

SALVAGING GROUND-WATER OUTFLOW 

As outlined in tire previous scction, long-term use of water from the ground-water 
subbasins cannot exactly equal the perennial yield until use has reduced natural water losses, 
principally ground-water outflow, and there are no  further long-tenn ground-water storage 
depletions. T o  arrivc at tliis condition, it is necessary first t o  solve tlie problem of how to  
locate wells a i d  regulate p imping  in an optimum manner t o  reduce the natural water losses. 

In the following pages, the problem of sa1v;lging ground-water outflow from the lower 
Kali River valley subbasin is cliscussed. The  right side of the graph in figure 2 I iil~lstrates the 
inflow, outflow, change in storage, and salvage of ground-water outflow in I ' L I ~ L I ~ C  years. The 
grapli shows. by projection without regard to scale, that if pumping from stratcgically 



placed wells at about the 1966 rate continues, the surface-water outflow from the basin will 
decline toward virtually zero, surface-water available for use directly will probably decline, 
and ground-water outflow will decline gradually toward virtually zero, probably after many 
decades. 

The report by Nace and others (1961, p. 99) stated that a sufficient number of 
properly placed wells might intercept efficiently about 50,000 to  75,000 acre-feet of 
ground-water outflow from the lower Raft River valley subbasin each year. The report by 
Mundorff and Sisco (1963) states: "Reduction of underflow requires reducing one of the 
following three factors: (1) Hydraulic gradient, (2) transmissibility, or (3) the product of 
transmissibility multiplied by the hydraulic gradient. T o  effect a reduction in underflow of 
one-fourth, for example, would require reducing one of the three factors by one-fourth, and 
this would result in considerable dewatering of the aquifer and lowering of the water table -- 

perhaps by one-fourth of the saturated thickness of the aquifer, which may be several 
hundred feet." 

Although the estimates of ground-water outflow from the lower Raft River subbasin 
given in each of the two previous reports were considerably larger than the 80,000 acre-feet 
a year under 1966 conditions estimated herein- 140,000 acre-feet a year by Nace and others 
(1961, p. 82) and "perhaps 200,000 acre-feet" a year by Mundorff and Sisco (1963, p. 
14)-the problem of salvaging the outflow is clearly recognized. In both this report and that 
by Mundorff and Sisco, it is noted that water levels must be lowered signicantly, perhaps by 
several hundred feet, to effect major salvage. 

Reduction of the ground-water outflow by about half, or  about 40,000 acre-feet 
annually, would require low.:ring the water level several tens of feet in the area immediately 
north of the present areas df grmtest water-level decline. The time required t o  effect the 
reduction would bi: very gieat, and very large additional quantities of ground water would 
be removed from storage. None of these values can be calculated precisely from existing 
data, but because the idea of salvaging ground-water outflow was a major part of both 
previous Geological Survey reports and has become a water-management concept within the 
basin, it needs further disc1ssion - if only in general terms. 

The ground-water hydraulic gradient toward the north in the spring of 1966 in the 
outflow area north of the areas of pumping averaged approximately 15 feet per mile. 
Because the coefficient of iransmissibility is large and the aquifer thickness is great in the 
outflow arc;), the reducti,>n in outflow would result mainly from reduced hydraulic 
gradient. C'onsequently, t .  effect a one-half reduction in outflow would require about a 
one-half r~duct ion in hydraulic gradient. It  is estimated that an average lowering of water 
level of 100 feet would be needed at about the north line of T.  11 S. t o  decrease the 1966 
gradient 1 .  ?. one-half. 



The quantity of net pumping required, and the time needed to  cause 100 feet of 
lowering at the chosen location may be approximated by use of equations and methods 
given by Fems  and others (1962) and a set of generalizing assumptions in addition or 
supplemental to  those required by the equation, as follows: 

1. The aquifer is homogeneous, isotropic, and infinite in extent. 

2. The average coefficients of transmissibility and storage are constant at about 350,000 
gallons per day per foot and 0.15, respectively. 

3. The locus of pumping is about 4 miles south of the chosen location where the 100-foot 
water-level decline is measured, and average net pumpage is 120,000 acre-feet per year 
(average for 1965-66 seasons). 

4. Ground water occurs throughout the aquifer under water-table conditions, and the 
aquifer is virtually horizontal. 

5. Ground-water outflow will decrease uniformly over the period from 80,000 to  40,000 
acre-feet per year and will average 60,000 acre-feet per year. 

6. Consumptive use of surface water will decrease from 20,000 acre-feet per year to  zero 
over the period and will average 10,000 acre-feet per year. 

7. There is no surface-water discharge as streamflow from the basin, and all other 
consumptive-use demands within the basin average 10,000 acre-feet per year. 

8. Water yield of the basin equals total recharge and averages 140,000 acre-feet per year 

With these assumptions, approximately 100 years would be required to  effect a 
one-hali reduction in hydraulic gradient and ground-water outflow. Water removed from 
storage during this period would be at least 6 million acre-feet, or  15 times the cumulative 
total storage depletion as of the spring of 1966. Pumping levels would be greatly lowered, 
the average being at least 400 feet deeper than in the spring of 1966. 

These generalities serve only to indicate the order of magnitude of time and changes in 
the hydrologic system that might be expected if the pumping pattern and quantities that 
existed in 1966 are continued. It is obvious that the aquifers are not homogeneous, 
isotropic, and infinite in extent. Therefore, there will be lateral boundary effects that will 
increase the rate of water-level decline somewhat. Also, the water table has a gradient 
toward the area of outflow, and this also will cause greater water-level decline at the chosen 
site than the calculations indicate. Many other of the natural conditions differ somewhat 
from the assumed conditions, but in general it is clear that 40,000 acre-feet per year of 
natural ground-water outflow will not be salvaged by continuation of 1966 pumping 



pattcrns and qumtlties until many decades have elapsed, watel levels are lowered several 
hundred feet in the pumpmg areas, and a vast amount of water has been removed from 
storage 

Effective increase in net pumping draft will not, therefore, be practically or 
economically accomplished within a reasonable period by continuation of the 1966 
pumping pattern and quantities. T o  attain such increase through salvage of ground-water 
outflow with minimum storage depletion and a minimum lowering of pumping levels, well 
locations and pumping qumtities must be adjusted so as to most effectively reduce the 
hydraulic gradient in the outflow cross section. The net pumping draft may also be 
incrcased by adjusting the pumping pattern and quantities so as to  graduhlly reduce natural 
water losses by depletion of storage and lowering of water levels over a broad area of the 
basin. Such deliberate reduction of ground-water storage by spreading the pumping pattern 
widely throughout the basin would salvage some natural water loss within the basin, and 
eventually reduce ground-water outflow slightly through slowly declining regional water 
levels. I t  must be again emphasized, however, that the perennial yield of the basin is the 
water yield minus the unsalvageabie natural water losses. Any increase in net pumping draft 
that does not come from salvaged natural water losses can come only from further dspletion 
of stored ground water, with attendant lowering of water levels. 
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FIGURE 2.-- lsohyeta l  map of  the Ra f t  R iver  basin, Idaho-Utah.  
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F I G U R E  Z--Geologic sections Raf t  River va l ley, Idaho. 
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FIGURE 8.--Approximate thickness of water-bearing uni ts in the Ra f t  River va l ley subbasin. 
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FIGURE 13.--Distribution of water y i e l d  in  Ra f t  River basin, Idaho and Utah. 
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FIGURE 14. - -Wel ls  a n d  w a t e r - l e v e l  con tou rs  for  R a f t  R i ve r  basin, Idaho and Utah, spr ing 1966. 
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FIGURE 23.--Map showing chemical quality o f  ground water in th@e Raf t  R i v e r  basin, Idaho and Utah. 




